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Association among Neonatal Mortality, Weekend or Nighttime Admissions and Staffing 
in a Neonatal Intensive Care Unit 
 
Leisa J. Stanley 
 
ABSTRACT 
 
The purpose of this study was to investigate the time of admission to a Neonatal 
Intensive Care Unit (NICU) and its association with in-hospital mortality among a cohort 
of neonates at a regional perinatal center.  Two different time points were considered: 
admissions on the weekend versus the weekday and admissions during the nighttime shift 
versus the day shift. The secondary purpose of the study was to investigate if registered 
nurse staffing affected this association between NICU admission day or admission time 
and in-hospital death. 
Three separate databases were used which contained information on NICU 
admissions, hospital deliveries and nurse staffing. These databases were linked resulting 
in data for each individual mother-infant pair for each separate admission to the NICU. 
Readmissions to the NICU, NICU admissions which could not be linked with the 
delivery data, admissions from the Newborn Nursery and transfers from other hospitals 
were excluded from the study. The final study population consisted of 1,846 admissions 
from October 1, 2001 through December 31, 2006. 
Weekend admissions were lower than weekday admissions (29.6% versus 70.4%) 
and nighttime admissions were lower than day admissions (43.2% versus 56.8%). Infants 
admitted at nighttime were more likely to be low birth weight, have lower Apgar scores 
and less likely to be delivered by cesarean section. Weekend admissions did not differ 
significantly from weekday admissions, except weekend admissions were more likely to 
be Black (33.6% versus 28.6%, p=.30).  
 ix
After adjusting for infant’s acuity and other covariates using multivariate logistic 
regression, the odds of dying on the weekend was not significantly different than 
weekday admissions (AOR=1.06, 95% CI=.653-1.721) and were not significantly 
different for nighttime admissions (AOR=1.14, 95% CI=.722-1.79). Nurse staffing was 
not a significant covariate. Covariates which were significant risk factors for death prior 
to discharge were non-Black race of the infant, Apgar score of less than 7 at five minutes, 
presence of a fetal anomaly, and use of ventilation during the stay. Infant’s birth weight 
was a significant protective factor.  
 
 x
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Chapter One: Introduction  
 
The purpose of this study was to investigate the time of admission to a Neonatal 
Intensive Care Unit (NICU) and its association with in-hospital mortality among a cohort 
of neonates at a regional perinatal center.  Two different time points were considered. 
The first time point was admission on the weekend versus the weekday. The second time 
point was admission during the nighttime shift versus the day shift. The secondary 
purpose of the study was to investigate if registered nurse staffing affected this 
association between NICU admission day or admission time and in-hospital death. 
 
Factors Related to Infant Mortality 
Infant mortality is a multi-factorial problem. Research into infant mortality, as 
well as interventions aimed at reducing it, have primarily focused on risk factors at the 
individual level and how those factors impact infant deaths. These individual level risk 
factors can occur with the infant or the mother or in combination. This line of research 
has not fully explained the underlying reasons for infant deaths. Research on infant 
mortality has begun to explore the association with contextual level variables that occur 
at the community level or system level variables that occur at the hospital level 
(O'Campo, Xue, Wang, & Caughy, 1997). 
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Individual-Level Risk Factors 
Birth weight and gestation are the two most important predictors of an infant’s 
survival at birth. Survival is positively associated with both measures. Gender and race 
are also strongly related to survival. Female infants have a higher probability of survival 
at lower birth weights and gestational age than male infants. Black infants have a higher 
probability of survival at lower birth weights and gestational age than white infants. The 
presence of a major birth defect is another risk factor predictive of death in the first year 
of life (Alexander, Kogan, Himes, & Goldenberg, 1999; Alexander, Tompkins, Allen, & 
Hulsey, 1999; Ingemarsson, 2003; Mathews, Menacker, & MacDorman, 2004). 
Individual-level risk factors related to the infant are discussed in greater detail in the 
Literature Review under Infant Characteristics and Neonatal Mortality. 
Maternal demographic factors such as age, education and race have all been found 
to be independently associated with infant mortality and morbidity (O'Campo et al., 
1997). Maternal age, both less than 18 years old and greater than 34 years old, are related 
to increased risk of infant death (Khoshnood, Wall, & Lee, 2005; Phipps & Sowers, 
2002). Maternal race of Black has been shown to be an independent risk factor for infant 
death and morbidity, even among Black women in higher socioeconomic groups (Adams, 
Read, & Rawlings, 1993; Goldenberg, Cliver, & Mulvihill, 1996; Healy, Malone, & LM, 
2006; McGrady, Sun, Rowley, & Hogue, 1992; Schoendorf, Hogue, Kleinman, & 
Rowley, 1992). 
Maternal behavior during pregnancy is also related to birth outcomes. Women 
who smoke, drink alcohol or use drugs during pregnancy have a higher risk of delivering 
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a preterm and/or low birth weight infant (Lundsberg, Bracken, & Saftlas, 1997; Visscher, 
Feder, Burns, Brady, & Bray, 2003; Windham, Hopkins, Fenster, & Swan, 2000). Both 
short interpregnancy intervals (< 6 months) and long interpregnancy intervals (> 60 
months) have been shown to increase the risk of poor birth outcomes (Zhu & Le, 2003; 
Zhu, Rolfs, Nangle, & Horan, 1999).  
 
Contextual-Level Risk Factors   
Risk factors which assess the effect of macro-level variables are referred to as 
contextual-level risk factors since they measure the effect of the context in which an 
individual lives. The study of community level variables and their impact on infant 
mortality and morbidity has been utilized by social epidemiology in examining maternal 
and child health outcomes. Social risk has been conceptualized by measuring different 
variables related to income disparity at the community level (O'Campo et al., 1997; 
Pickett & Pearl, 2001; Rajaratnam, Burke, & O'Campo, 2006).  
In a review of studies which focused on contextual-level variables and maternal 
and child health outcomes, Rajaratnam, Burke and O’Campo (2006) reviewed five 
studies which focused on low birth weight and seven different neighborhood constructs. 
All of these studies used some measure of wealth or socioeconomic status while there 
was little agreement on the other constructs used. These included measures of 
employment, family structure, population composition, housing, community mobility, 
education level of residents, occupation of residents, social resources and violence and 
crime. Research results were mixed with respect to the impact of neighborhood-level 
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characteristics and the outcome of low birth weight. While income was found to be 
significant in two of the studies, population characteristics were not significant in any.  
Buka and colleagues (2003) found a 13.1 gram decrease in mean birth weight for 
each increase in one standard deviation of economic disadvantage for Black women. 
Economic disadvantage was measured using the United States Census data on poverty, 
receipt of public assistance and unemployment. For White women, the neighborhood 
effect of economic disadvantage was not significant. Instead, it was the provision of 
perceived social support that was associated with a slight increase in mean birth weight. 
The increase was small, 17.5 grams. For both groups, the mean increase in birth weight 
may not be clinically significant. Pearl, Braveman, and Abrams (2001) also found that 
low birth weight increased as the percentage of residents living below 200% of the 
Federal Poverty line increased. Roberts (1997) found that neighborhood economic 
hardship (as measured by the unemployment rate and percentage of families in poverty) 
was associated with an increase in low birth weight. However, the neighborhood-level 
variables socioeconomic status, percentage of Black males, percentage of young residents 
and crowded housing rates were all inversely associated with low birth weight. 
O’Campo and colleagues did find that per capita income of less than $8,000 was 
associated with an 11% increased risk of low birth weight, after adjustment for individual 
level risk factors. This was one of the initial studies to explore this relationship and was 
not included in the previous study (O'Campo et al., 1997).  
Community-level risk factors can also modify the relationship between infant 
outcomes and individual-level risks. The protective effect of the receipt of prenatal care 
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has been shown to vary by the neighborhood in which the woman lives. For women who 
live in areas with lower unemployment rates, receipt of prenatal care is more protective 
against low birth weight than women who receive the same level of prenatal care but live 
in poorer areas defined by higher rates of unemployment (O'Campo et al., 1997). 
 
Hospital-Level Risk Factors 
Variables at the hospital level that have been studied as impacting patient 
mortality include the level of care provided, staffing patterns of registered nurses and 
physicians and volume of admissions. Studies have shown that increased numbers of 
registered nurses and increased nurse to patient ratios, as well as increased physician to 
patient ratios, have reduced the occurrence of adverse events. Patients who receive care at 
tertiary care centers also have fewer adverse outcomes after adjustment for illness 
severity. These variables are discussed in detail in the Literature Review under Hospital 
Characteristics and Neonatal Mortality. 
 
Impact of Community-Based Interventions to Reduce Infant Mortality 
Research on the effectiveness of community-based interventions aimed at 
reducing infant mortality has been mixed, not always showing the anticipated positive 
impact on reducing infant mortality and morbidity. These types of interventions usually 
involve some form of social support aimed at reducing the mother’s unhealthy behavior, 
improving access to needed services or reducing social isolation and stress. Social 
support normally involves the provision of emotional support, instrumental support or 
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informational support (Dunkel-Schetter, Sagrestano, Feldman and Killingsowrth, 1996). 
A recent systematic review by the Cochrane Collaborative did not find any significant 
association between social support programs and improved birth outcomes such as 
prematurity, low birth weight or perinatal mortality. Sixteen randomized trials, involving 
almost 14,000 pregnant women were included in the meta-analysis (Hodnett & 
Fredericks, 2003).  
Evaluations of programs using a non-randomized design have shown mixed 
results of these interventions. Improved outcomes were for women in specific subgroups, 
such as those with previous poor outcomes, Black women, teen mothers (Norbeck & 
Anderson, 1989; Bryce, Stanley & Gamer, 1991; Rogers, 1996; Flynn 1999). Others have 
failed to show an improvement in birth weight or preterm delivery (Spencer, Thomas and 
Morris, 1989; Oakley, 1990; Villar, 1992; Langer, 1996). Feldman (2000) found that 
social support improved birth outcomes through a reduction in fetal growth restriction. 
A recent evaluation of the Florida Healthy Start program did find an improvement 
in birth weight for high-risk women who received services compared to those who did 
not. The 2005 evaluation analyzed outcomes for women whose delivery was paid for by 
Medicaid and compared the 2000 Medicaid birth cohort (n=84,785) to the 2002 Medicaid 
birth cohort (n=. 87,017). Women receiving prenatal care through a regional center for 
high-risk obstetric patients had a significant reduction in preterm births and very low and 
low birth weight infants after the implementation of the Medicaid Waiver which provided 
funding for Healthy Start services. The comparison group of women in RPICCs who did 
not receive Healthy Start services had an increase in these rates. However, the reduction 
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in preterm births and low birth weight births did not translate into reductions in infant 
deaths for the group of women receiving services (Darr, 2005). 
 
Purpose of the Study 
The purpose of this study is to investigate the time of admission to a Neonatal 
Intensive Care Unit (NICU) and its association with in-hospital mortality among a cohort 
of neonates at a regional perinatal center.  Two different time points will be considered. 
The first time point is admission on the weekend versus the weekday. The second time 
point is admission during the nighttime shift versus the day shift. The secondary purpose 
of the study is to investigate if registered nurse staffing affects this association between 
NICU admission day or admission time and in-hospital death. 
 
Statement of the Problem 
The association between infant mortality and both infant and maternal risk factors 
has been well studied. However, many interventions aimed at the individual level, both 
maternal and infant, have not continued to improve the rates of both prematurity and low 
birth weight (Alexander, Kogan et al., 1999; Alexander, Tompkins et al., 1999). Much of 
the improvement in infant mortality during the nineties occurred due to medical 
interventions which improved the survival of preterm and low birth weight infants such 
as the use of surfactant therapy, antenatal steroids and mechanical ventilation 
(Sappenfield, 2007).  In 2002, the United States’ infant mortality rate increased for the 
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first time in forty years. Infants who die during the first month of life comprise 67% all 
infant deaths (Mathews et al., 2004).  
Given the recent rise in the United States infant mortality rate and the inability to 
reduce both preterm and low birth weight births, it is important to understand what other 
factors influence infant deaths. Previous research has shown a higher risk of death for 
both nighttime and weekend hospital admissions. This higher risk was related to patient 
acuity and/or hospital staffing of registered nurses and physicians depending on the 
study.  Within this area of research, studies have focused on the association between the 
day of birth or time of birth and subsequent neonatal death (the first 27 days of life). This 
is the time when hospital level variables are more likely to affect neonatal deaths due to 
issues related to quality of care.  
 
Research Questions 
The research questions under investigation are:  
(1) Is there an association between the day of admission (weekday versus 
weekend) to the NICU and the infant’s outcome?  
(2) Is there an association between the time of admission (day versus nighttime) 
to the NICU and the infant’s outcome?  
(3) Is there effect modification between day of admission and time of admission? 
(4) Does staffing of registered nurses in the NICU mediate the association 
between day or time of admission to the NICU and the infant’s outcome?  
 
 9 
 
 
-  
Significance of the Study 
Reductions in the infant mortality rate which occurred during the 1990’s have 
stalled and the rate increased nationally in 2002 for the first time in forty years (Mathews 
et al., 2004). Governments at the federal, state and local levels as well as private 
organizations have made significant investments in community-based interventions to 
reduce infant mortality. These interventions are predominately focused on changing 
individual-level risk factors. The research has been mixed on their effectiveness. 
However, there are few studies that have examined both day and time of birth and 
hospital variables, such as staffing, and their impact on neonatal deaths. Regardless of the 
effectiveness of interventions aimed at changing individual behaviors, the impact of these 
interventions may be negated or reduced by the impact of system level variables at the 
hospital level. 
 
Definition of Terms 
The definition of key terms is given below. 
• Time of NICU admission will be defined according to the shifts at study 
setting hospital. There are two shifts at this hospital. The first shift begins at 
7:00 am and ends at 7:00 pm and will be defined as day shift. The second shift 
begins at 7:00 pm and ends at 7:00 am and will be defined as the nighttime 
shift. For staff who work a shift that encompasses both these shifts (such as 3 
pm to 11 pm), their time will be divided between the two main shifts defined 
above. 
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• Weekdays will be defined as Monday, beginning at 7:01 am, through Friday at 
7:00 pm. Weekends will be defined as Friday beginning at 7:01 pm through 
Monday at 7:00 am. 
• A neonatal death will be defined as an infant born alive, admitted to the 
NICU, who died prior to discharge. This is not the traditional definition of a 
neonatal death which is an infant born alive who dies within the first 27 days 
of life. This study will not be able to track infants who were admitted to the 
NICU and were discharged prior to the first 27 days of life and subsequently 
died. The purpose of this study is to investigate the timing of NICU 
admissions and subsequent deaths and whether or not they are related to 
hospital-level variables. Therefore, deaths prior to discharge are more 
appropriate for the research questions under investigation. 
• Low birth weight is defined as an infant born alive weighing less than 2,500 
grams (5.5 pounds) and very low birth weight is defined as an infant born 
alive weighing less than 1,500 grams (3.5 pounds). 
• Preterm birth is defined as an infant born alive at less than 37 completed 
weeks of gestation. 
• In-born status refers to infants born at the study setting hospital who are 
admitted to the NICU. Out-born status refers to infants born at another 
hospital who are transferred to the study setting hospital and admitted to the 
NICU. 
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• Nursing Skill Mix is the ratio of registered nurses (RN) to licensed practical 
nurses (LPN) and is defined as total number of RNs in the NICU on the shift 
divided by the total number of RNs plus LPNs on the shift. 
• RN hours is the total number of hours of RN care per shift or per day and is 
defined as the total number of RN hours per 12-hour shift or per 24-hour day. 
• Nurse to Patient Ratio is defined as the total number of RNs on the shift at 
admission to the total number of infants present in the NICU during that shift. 
The staffing database does not record actual number of infants per nurse. This 
will serve as a measure of the average workload per nurse. 
• Capacity is based on the census in the NICU at midnight each day and is 
defined as the total number of occupied beds per day divided by the total 
number of available beds per shift. 
• SNAP is the Score for Neonatal Acute Physiology. The SNAP collects seven 
physiological measures, after NICU admission, on all birth weight categories 
of neonates in order to provide an index of neonatal acuity and subsequent 
likelihood of neonatal death. 
• CRIB is the Clinical Risk Index for Babies. The CRIB collects six measures 
after NICU admission on neonates less than 1,500 grams. The CRIB provides 
an index of neonatal acuity and subsequent likelihood of neonatal death. 
• APACHE III is the Acute Physiology and Chronic Health Evaluation. This 
index is a measure of patient acuity in adult populations as the SNAP and 
CRIB are acuity measures in neonates. 
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• Vermont Oxford Network (VON) is a network of 353 hospitals with NICUs 
located in 49 states and 22 foreign countries which systematically collects 
data from each participating institution on infants admitted to the NICUs and 
their outcomes. 
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Chapter Two: Literature Review 
The purpose of this study was to investigate the time of admission to a Neonatal 
Intensive Care Unit (NICU) and its association with in-hospital mortality among a cohort 
of neonates at a regional perinatal center.  Two different time points were considered. 
The first time point was admission on the weekend versus the weekday. The second time 
point was admission during the nighttime shift versus the day shift. The secondary 
purpose of the study was to investigate if registered nurse staffing affected this 
association between NICU admission day or admission time and in-hospital death. 
 
Weekend or Nighttime Events and Infant Mortality 
Previous research has investigated whether being born on the weekend increases 
an infant’s risk of dying during the neonatal period. These studies used birth data files 
linked to infant death files and investigated death within the first month of life, regardless 
of whether that death occurred in the hospital or not. More recent studies have focused on 
nighttime admissions to the Neonatal Intensive Care Unit and whether nighttime 
admissions increase the likelihood of an infant dying prior to discharge. 
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Weekend Births and Neonatal Mortality 
Research during the past thirty years has examined the association between 
weekend births and an increased incidence of neonatal deaths. These studies primarily 
used linked data sets of birth records and infant death records. For those studies that had a 
statistically significant association, Sunday births had the highest rate of mortality.  
In the first study examining date of birth and subsequent neonatal death, 
MacFarlane (1978) found that perinatal mortality was 14% higher on Sundays when 
compared to the highest rate during the week (21.59 per 1,000 live births v. 18.99) and 
23% higher when compared to the total perinatal rate for the cohort (21.59 v. 17.61).  
This trend in higher neonatal mortality on the weekend held true for neonatal deaths on 
the first day of life and those during the first week of life. However, MacFarlane’s study 
did not adjust for the influence of illness severity. The influence of birth weight or 
gestation may have increased the likelihood of death regardless of when the infant was 
born. Therefore, case mix could explain this higher rate.  
This study showed that births were lower on the weekend than on the weekday 
possibly due to obstetrical interventions during the week. Obstetrical interventions during 
the week may have influenced the case mix on the weekend resulting in a higher 
proportion of low birth weight infants being born, but not a higher number. 
Hendry (1981) found that both Sundays and Mondays had more deaths than other 
days of the week. The Sunday rate was twice the daily average rate. These deaths were 
largely due to premature births. Sundays also had the lowest percentage of births 
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compared to the other days of the week which may have lead to a higher proportion of 
small, preterm infants on the that day. 
The first study in the United States to examine this relationship used the 1974-75 
Arkansas live birth cohort (N=66,056). Sunday births also had the highest neonatal 
mortality rate (13.3). Compared to weekdays, the Sunday rate was 27% to 43% higher 
depending on the weekday used for comparison. Mangold (1981) also examined the 
disparity between Nonwhite and White neonatal deaths. For deaths to infants born on 
Sunday, the Nonwhite neonatal mortality rate was 70% higher than the White rate (18.9 
v. 11.1). For Nonwhite infants who were low birth weight, there was a daily increase in 
the rate from Monday until Sunday where the rate was the highest. For normal birth 
weight infants, Nonwhite infants still have a higher mortality rate on Sunday, but this did 
not hold true for White infants who were normal birth weight. The author suggested that 
the increase in mortality for Nonwhite infants was due to a lack of obstetrical 
interventions and access to appropriate obstetrical care for Nonwhite mothers. 
Mangold found that births on Sundays were 10% lower than would have been 
expected given the distribution of births throughout the week. This was more pronounced 
for White women than for Nonwhite women. This resulted in Sundays having the highest 
proportion of low birth weight infants compared to other days of the week thereby 
increasing the neonatal mortality rate. Mangold also found that Sunday deaths due to 
septicemia and immaturity were significantly higher than the weekday rates while deaths 
due to birth defects did not show a pattern of higher mortality on the weekends. Deaths 
due to septicemia and immaturity are more susceptible to quality of clinical care. 
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In 1983, Mathers examined the distribution of both births and perinatal deaths by 
day of week. He examined almost 900,000 births in Australia from 1976-79 and found a 
similar pattern of births by day of week and infant deaths by day of week of the birth. 
The weekends had 21% fewer births than the weekday. This resulted in a higher 
proportion of low birth weight births on the weekend (6% versus 5.1% on the weekday) 
and subsequently a higher neonatal mortality rate on the weekend (9.87 v. 7.67). This rate 
was higher on the weekend for low birth weight infants, normal birth weight infants, 
early neonatal deaths and late neonatal deaths. The higher rate for low birth weight 
infants persisted when infants with birth defects were excluded from the analyses. 
Mathers suggested that the higher proportion of low birth weight births on the weekends 
was due to obstetrical interventions such as inductions and c-sections during the week. 
The higher weekend mortality rate for all infants was linked to lower numbers of staff 
and subsequent quality of care in hospitals on the weekends. Mathers examined if the day 
of death had an impact on the weekend rate and found no association (Mathers, 1983).  
Dowding, Duignan, Henry, & MacDonald (1987) did not focus on higher 
weekend mortality but instead looked at variability across each day of the week. Their 
study adjusted for infant birth weight, whether the birth was elective or spontaneous and 
whether the infant was normally formed or had a lethal birth defect. They did not adjust 
for gestational age. They found a similar pattern of births with the weekend having fewer 
births and elective deliveries being higher on the weekdays. Low birth weight proportions 
were the lowest on Mondays (3.8%) and the highest on Saturdays (6.8%). Sundays and 
Wednesdays had the next highest low birth weight rate at 5.6%.  
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When analyzing deaths by weekend versus weekday, the perinatal mortality rate 
was 17% higher on the weekends (14.9 v. 12.7). By day of week, the overall perinatal 
mortality rate was the highest on Wednesday and Saturday while Sunday’s rate was close 
to the average rate for the study cohort. There was no association in day of birth and 
perinatal mortality for spontaneous deliveries or infants without a birth defect. However, 
for induced births, the weekend perinatal mortality rate was almost 80% higher (30.9 v. 
17.2). Induced births represented high-risk pregnancies and lethal anomalies. This is 
supported by the fact that Wednesday had the highest number of inductions for high-risk 
indicators and the highest perinatal mortality rate. The higher mortality on Saturday was 
due to the case mix with a higher proportion of high-risk cases among elective deliveries.  
A study of 1.6 million live births in California using the 1995-1997 linked birth 
and infant death file found a higher crude odds ratio for weekend births compared to 
weekday births (OR=1.12, 95% CI=1.05-1.19). The higher rate was evident for both 
vaginal and c-section deliveries. This apparent difference between weekend and weekday 
mortality disappeared after adjustment for birth weight (OR=1.01, 95% CI=.95-1.08). 
This was true for both vaginal and c-section deliveries. The increase in weekend 
mortality for larger birth weight births (births ≥ 4500 grams) disappeared after controlling 
for birth defects. (Gould, Qin, Marks, & Chavez, 2003). 
Luo, Liu, Wilkins, & Kramer (2004) examined whether stillbirth or neonatal 
death varied by day of the week of birth. Their study adjusted for the effects of gestation, 
birth weight and cause of death and included both spontaneous and induced births. Births 
occurring on each day of the week followed the pattern found in other research already 
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cited. Weekend births were 25% lower than weekday births with Sunday having the 
lowest proportion of births. The case mix for weekend births showed a higher proportion 
of high-risk infants with a 14% higher preterm birth rate and a 7% higher low birth 
weight rate than weekday births.  
The crude relative risk (RR) was 6% higher on the weekends (6.0 v. 5.7) for 
stillbirths. Asphyxia deaths were the highest on weekends with deaths due to birth defects 
lower on the weekends. The crude RR for neonatal mortality was 11% higher on the 
weekends (3.8 v. 3.4). For weekend deaths, both deaths due to asphyxia and immaturity 
were higher than weekday deaths. However, after adjusting for gestational age, there was 
no difference in the RR between weekend and weekday births. Further adjustment for 
maternal demographic factors did not change the RR. The excess risk of death for 
weekend births appeared to be due to a higher proportion of preterm, low birth weight 
infants on the weekends. The shift in case mix was most likely due to elective 
interventions such as inductions and c-sections during the week. 
Hong et al. (2006) found that perinatal mortality was higher for births that 
occurred during holidays (Sunday, holidays) than those on the weekday. This study was 
conducted in Korea where the regular work week includes Saturday. After adjusting for 
infant birth weight, gender, number of births and birth defects, the odds of dying for 
weekend births was 20% higher than for holiday births (OR=1.2; 95% CI=1.1-1.3). The 
higher odds of death for holiday births was observed for both low birth weight and 
normal birth weight infants. In adjusted models, the odds ratio for both groups of infants 
was 1.2 with normal birth weight infants having a confidence limit just below the level of 
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significance (95% CI=1.0-1.4). As in other studies, Sunday had the lowest number of 
births of any day of the week.  
 
Nighttime Births and Neonatal Mortality 
Heller, Misselwitz and Schmidt (2000) analyzed data on 380,930 births in 
Germany by comparing infants born at night with infants born during the day and 
whether death occurred within the first seven days of birth. Infants born at night had an 
86% higher likelihood of death within the first seven days after birth (OR=1.86, 95% 
CI=1.10-3.13).  For infants born at night there was almost a four-fold increase in the risk 
of death due to asphyxia (OR=3.89, 95% CI=1.51-10.03) compared to infants born 
during the day. However, there were very few deaths due to asphyxia (n=21) which 
resulted in a wide confidence limit. This study excluded preterm infants, infants with a 
birth defect, infants born by caesarean delivery and fetal deaths. The higher likelihood of 
death persisted even without the inclusion of infants with risk factors for neonatal death. 
A 2006 study found an association between infant death resulting from fetal 
injuries and nighttime admissions in the state of Florida. Investigators used the NICA 
(Birth-Related Neurological Injury Compensation Association) database to review the 
records of infants who had died as a result of injuries sustained during birth. This 
database only includes infants who weighed at least 2,500 grams. Infants with a brain or 
spinal cord injury suffered at birth, who had subsequently died, were compared to infants 
with a brain or spinal cord injury who had not died. The injury had to be the result of a 
lack of oxygen or mechanical injury which occurred during birth. Nighttime was defined 
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as the period of 11:00 pm to 8:00 am. Infants who died were twice as likely to have been 
born during the nighttime period as the control group (OR=2.09; 95% CI=1.29-3.40) 
(Urato, Craigo, Chelmow, & O'Brien, 2006).  
 
Nighttime NICU Admissions and Neonatal Mortality 
Researchers have begun to focus on neonatal intensive care unit (NICU) 
admissions and if time of admission is related to neonatal mortality. Lee and colleagues 
(2003) examined daytime versus nighttime admissions to the neonatal intensive care unit 
and subsequent neonatal death. This study examined almost 5,200 infants between 24-32 
weeks gestation. Infants with lethal anomalies, those less than 23 weeks gestation and 
those on life support were excluded from the study. The logistic regression models 
adjusted for sex, gestation and size for gestation, birth defects, Apgar score at 5 minutes, 
outborn status, antenatal treatment with steroids, multiple birth, cesarean delivery, SNAP-
II score, neonatal nurse practitioner use, in-house presence of a neonatalologist. 
Daytime births were those births occurring from 8 am – 5 pm and nighttime births 
were those births occurring from 5 pm – 8 am. Of the patients admitted to the NICU, 
60% were admitted during the night. Compared to the night admissions, day admissions 
were more likely to be outborn, be multiples, delivered by c-section, and have a lower 
SNAP-II score. Nighttime admissions had a significantly higher mortality rate than 
daytime admissions (5.4% versus 4.0%, p<.05). The odds ratio for early evening deaths 
(5 pm to midnight) was 1.3 (95% CI=0.9-2.1) and for the late night period it increased to 
1.6 (95% CI=1.1-2.4) (midnight-8 am). Only the odds ratio for late night admissions was 
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significant. For outborn infants, night admission was not predictive of neonatal death. For 
inborn infants, the presence of an in-house physician was protective reducing the odds of 
death by 40% (OR=0.6, 95% CI=0.4-0.9) (Lee et al., 2003). 
However, a recent study in Australia found that night admissions to a regional 
network of NICUs (N=10) did not increase the likelihood of death prior to discharge. 
This study focused on infants who were born at less than 32 weeks gestation. The study 
grouped holiday, weekend and night admissions together and compared infants admitted 
during these days/times to infants admitted during the weekday. Daytime was defined as 
8:00 am – 6:00 pm, Monday – Friday. Nighttime was defined as public holidays, 
weekends (Saturday or Sunday), and after hours (6:01 pm – 7:59 am). NICUs in this 
network are tertiary care centers (Abdel-Latif, Bajuk, & Lui, 2006).  
There was no significant association between admission during night time versus 
daytime hours (OR=1.069; 95% CI=0.881-1.297). This was true for each of three 
separate periods of gestation: 22-26 weeks, 27-29 weeks, 30-31 weeks. In multivariate 
analysis, items that were significantly associated with early neonatal death (first seven 
days after birth) were the lack of treatment with antenatal corticosteriods within seven 
days of delivery, small for gestational age infant, gestations of 22-26 weeks and 27-29 
weeks compared to 30-31 weeks and male gender. Outborn status of the infant and 
emergency caesarean delivery were not significantly associated with early neonatal death. 
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Weekend/Evening Admissions and In-Hospital Mortality in Other Adult Acute Care Units 
Bell and Redelmeier (2001) found that patients admitted to the emergency 
department on the weekends had a higher mortality than patients admitted during the 
weekday after adjusting for the patient’s level of risk, gender and age. Their study 
investigated the mortality rates for patients admitted with three acute conditions: ruptured 
abdominal aortic aneurysm, acute epiglottitis and pulmonary embolism. Adjusted odds 
ratios for mortality ranged from 1.19 to 5.28 (95% CI=1.03-1.36 and 1.01-27.5) for 
patients admitted during the weekend compared with weekday. When the authors 
analyzed those deaths that were within two days after admission, the likelihood of death 
was even higher for weekend admissions than weekday admissions. However, higher 
odds ratios were associated with wider confidence limits and less precise estimates. 
The difference between the unadjusted and adjusted odds ratios was small leading 
the authors to conclude that patients admitted on the weekend were not significantly more 
ill than those admitted during the weekday. They attributed the higher mortality to lower 
staffing levels, staff with less seniority, the use of pool workers (non-emergency 
department workers) and fewer supervisors on the weekends than during the weekdays. 
They also concluded that patients with medical conditions with high case fatality rates 
had a higher odds of death if admitted during the weekend (Bell & Redelmeier, 2001). 
 
Infant Characteristics and Neonatal Mortality 
Infant characteristics and how they are related to neonatal mortality are discussed 
in this section. Those characteristics include birth weight, gestation, Apgar scores, lethal 
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congenial anomalies, multiple births, race and gender. In addition, since many of these 
variables are used to adjust for illness severity, a discussion of other risk adjustment 
methods using physiological measures, and how they compare to infant level 
characteristics, is provided.  
In order to compare outcomes between different groups of neonates or different 
clinical settings, it is necessary to adjust for the patient’s level of risk. Risk adjustment 
separates patients into different levels or strata of risk based on certain measures of acuity 
or illness severity (Richardson, Tarnow-Mordi, & Shoo, 1999). There are various 
methods to adjust for patient acuity. Studies have used infant characteristics at admission 
to the NICU such as birth weight, gestation and gender. Specific measures have been 
developed which use the infant’s physiology within a certain time period after admission 
to the NICU. Others have included obstetric practices, such as antenatal steroid use, or 
delivery room measures such as the Apgar score. 
 
Acuity  
Several studies have found that the patient’s acuity or illness severity was the 
strongest predicator of mortality. These studies used different risk-adjustment methods to 
control for acuity while investigating the effects of different hospital-level variables on 
mortality. This finding was consistent across different types of hospitals, study designs 
and countries.  
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In a multilevel analysis of hospitals in Sweden, larger regional hospitals with 
NICUs had a higher risk of neonatal death in high-risk deliveries. After adjusting for case 
mix or illness severity, this higher risk was no longer significant (Merlo et al., 2005).  
In a study of quality of care for very preterm infants (27 and 28 weeks gestation), 
risk adjustment was calculated using infants’ characteristics prior to NICU admission. 
These included male gender, small for gestational age (< 5th percentile), and infant’s 
respiration and heart rate at five minutes. Since this study was interested in the quality of 
care and its impact on mortality, clinical measures of acuity, such as the CRIB, were not 
used. These measures use physiological measures collected within the first 12 hours after 
admission to the NICU and therefore include the impact of early patient care.  
The study found that quality of care did not impact survival when resuscitation 
and surfactant therapy were considered. However, there was an increase in mortality 
related to poor care regarding control of the infant’s temperature (AOR=1.71, 95% 
CI=1.21-2.43), appropriate ventilation monitored through blood gas measurements and 
adjustments (AOR=3.29, 95% CI=1.97-5.49) and provision of cardiovascular life support 
monitored through blood pressure measurements and adjustments (AOR=2.37, 95% 
CI=1.36-4.13) (Acolet et al., 2005). 
A 2003 study in Thailand found that the strongest predicator of mortality in adult 
patients in both medical and surgical units was the patient’s acuity or illness severity. 
Using the APACHE III scoring system for critically ill patients, patients with higher 
scores were almost seven times more likely to die prior to discharge (AOR=6.8, 95% CI= 
5.087-9.179) in multivariate models (Sasichay-Akkadeshanunt, Scalzi, & Jawad, 2003). 
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Birth weight and gestation. 
Low birth weight is “a leading cause of infant death and childhood disability” 
(Children’s Defense Fund, 1992). An infant’s birth weight and gestational age are both 
independent predicators of infant mortality and considered to be the “two most important 
predicators of an infant’s subsequent health and survival” (Mathews et al., 2004).  
Previous research has shown that a birth weight of less than 2,500 grams is 
predictive of death within the first month of life (Mugford, Szczepura, Lodwick, & 
Stilwell, 1988). Horbar, Badger, Lewit, Rogowski, & Shiono (1997) found that for each 
100 gram increase in birth weight (only 501-1,500 gram infants included), the odds of 
neonatal death after NICU admission declined by 36% (AOR=0.64, 95% CI=0.60-0.67). 
Validation studies of physiological measures of illness severity have found that birth 
weight and gestation are independent predicators of neonatal death (Cockburn et al., 
1993). 
In the absence of physiological measures, many studies have used low birth 
weight or very low birth weight as a measure for acuity (Mugford et al., 1988; Phibbs, 
Bronstein, Buxton, & Phibbs, 1996) or used birth weight with a combination of NICU 
preadmission characteristics (Horbar et al., 1997). 
The Vermont Oxford Network (VON) consists of 353 hospitals with NICUs in 49 
states and 22 foreign counties. The risk-adjusted model used by VON consists of non-
physiological measures which includes gestational age, small for gestational age (less 
than 10th percentile for gestation by race and gender), Apgar score at 1 minute, multiple 
birth, race, gender, major birth defect present, prenatal care and vaginal delivery. This 
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risk-adjusted model compares favorably with the Score for Neonatal Acute Physiology 
which uses physiological measures to assess acuity. The score for the area under the 
curve (AUC) for the VON risk-adjustment model is 0.89. The AUC measures a model’s 
sensitivity and specificity in accurately predicting a specific outcome with a score of 1.0 
indicating the model is 100% accurate in predicting the outcome of interest. This model 
was developed for infants who are less than 1,500 grams (Rogowski, Horbar et al., 2004; 
Rogowski, Staiger, & Horbar, 2004). 
Richardson and colleagues found that increasing gestational age was associated 
with a decline in illness severity as defined by the Score for Neonatal Acute Physiology. 
They used gestation instead of birth weight, since it is a measure of fetal maturity. They 
added SGA to add the residual effect of birth weight not measured using gestation alone. 
Both measures added to the SNAP score with increasing gestation reducing the score by 
1.5 points and SGA increasing the score by 3.6 points (Richardson, Shah et al., 1999). 
 
Apgar scores. 
The Apgar score, developed by Virginia Apgar and published in 1953, evaluates 
the infant’s heart rate, respiration, muscle tone, response to stimuli or reflex irritability 
and color at birth. The infant is rated at one minutes, five minutes and ten minutes. A 
score of seven to ten is Excellent; a score of four to six is Fair and a score less than four 
is Poor Condition with zero indicating death. The following table presents the scoring 
system and interpretation of the Apgar score (American Academy of Pediatrics & 
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American College of Obstetricians and Gynecologists, 2006; Baskett, 2000; Finster & 
Wood, 2005). 
 
Table 1 
Apgar Scoring System 
  Score 
 Sign 0 1 2 
Appearance Color Blue or Pale Body Pink; 
Extremities Blue 
Completely Pink
Pulse Heart Rate Absent Slow (< 100 
beats/minute) 
Greater than 100 
Beats per 
Minute 
Grimace Reflex 
Irritability 
No Response Grimace; Some 
Motion 
Cry or Active 
Withdrawal 
Activity Muscle Tone Limp Some Flexion of 
Extremities 
Well Flexed; 
Active motion 
Respiration Respiratory 
Effort 
Absent Slow, Irregular; 
Weak Cry; 
Hypoventilation 
Good, Strong 
Crying 
Source: American Academy of Pediatrics & American College of Obstetricians and Gynecologists, 2006; 
Baskett, 2000 and Finster & Wood, 2005. 
 
In 2006, the American Academy of Pediatrics and the American College of 
Obstetricians and Gynecologists published a joint policy statement on the Apgar score, its 
appropriate use and utility 53 years after it was published. The Apgar score was 
considered to be “an expression of the infant’s physiological condition, has a limited time 
frame, and includes subjective components” and was intended to be used to assess a 
neonate’s condition only at a specific point in time, shortly after birth. The five minute 
score of 7-10 was considered normal and the authors acknowledged a correlation between 
a score of 0-3 at five minutes and subsequent neonatal death. The authors also cited the 
study by Casey, McIntire and Leveno (discussed below) which found that a low Apgar 
score at 5-minutes increased the odds of neonatal death in both preterm and term infants 
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(American Academy of Pediatrics & American College of Obstetricians and 
Gynecologists, 2006).  
Thorngern-Jerneck and Herbst (2001) showed an increased neonatal mortality for 
term, normal birth weight infants with Apgar scores less than 7 at five minutes. These 
infants had an increased risk of death 14 times higher than term, normal birth weight 
infants with Apgar scores 7 or above (OR 14.4, 95% CI=12.5, 16.5). Nighttime births 
(5:00 pm to 6:59 am), had a 21% higher risk of having a low Apgar score (OR=1.21, 
95% CI=1.14-1.29) compared to day births (8:30 am – 3:59 pm). The odds of a higher 
Apgar score showed a curvilinear relationship with birth weight being higher at both the 
low birth weight (< 2,500 grams) and higher birth weight (> 3,500) ranges.  
Casey, McIntire and Leveno (2001) found that the incidence of neonatal death 
increased as the 5-minute Apgar score decreased. In a study of over 150,000 singleton 
infants, this negative relationship was true for both preterm and term infants. The 
neonatal mortality rate per 1,000 live births for both preterm and term infants by Apgar 
score is given in the table below. 
 
Table 2 
Incidence of Neonatal Death by Gestational Age and Apgar Score 
 Neonatal Mortality Rate per 1,000 Live Births 
Apgar Score at 5-Minutes Preterm Infants Term Infants 
0-3 315.0 244.0 
4-5 72.0 9.0 
7-10 5.0 0.2 
Source: Casey, McIntire and Leveno, 2001. 
 
 
When infants with an Apgar score of 7-10 were the reference group, the adjusted 
odds ratio for neonatal death for preterm infants with a score of 0-3 was 59 (95% CI=40-
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87) and for term infants with a score of 0-3 was 1460 (95% CI=835-2555). Due to the 
small numbers of neonatal deaths in the cohort, confidence intervals are wide. 
 
Physiological measures. 
There are two measures of illness severity developed for use with neonates. These 
measures were developed to allow researchers to control for acuity while studying the 
quality of care across different neonatal intensive care units or within one unit over time 
(Cockburn et al., 1993).  
The Clinical Risk Index for Babies (CRIB) was developed using a cohort of 
infants who were very low birth weight infants (< 1,500 grams) and preterm (< 31 weeks 
gestation). This scoring system was developed with a cohort of infants at tertiary care 
hospitals in the United Kingdom. Six variables are measured within 12 hours of 
admission to the NICU: birth weight, gestation, presence of a birth defect, 
maximum/minimum fraction of inspired oxygen and maximum base excess. The area 
under the receiver operating curve for the CRIB was .90 (SE=0.05) in the validation 
cohort. The ROC measures the sensitivity and specificity or the accuracy of prediction. 
This compares to the ROC for birth weight alone which was .78 (SE=0.03) (Cockburn et 
al., 1993).  
Kaaresen, Dohlen, Fundingsrud and Dahl (1998) used the CRIB to assess the 
quality of care in one neonatal intensive care unit over time. The ROC for the CRIB was 
0.88 (SE=0.02) compared to 0.72 (SE=0.04) for birth weight alone and 0.71 (SE=0.03) 
for gestation alone. Other variables independently associated with survival, after 
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controlling for acuity using the CRIB, were female gender (AOR 2.4, 95% CI=1.2-4.9) 
and surfactant treatment (AOR 2.9, 95% CI= 1.1-7.5). Infants treated with antenatal 
steroids had an 80% higher odds of survival than infants not treated, after controlling for 
birth weight, gestation and gender. However, when the CRIB was entered into the model, 
treatment with antenatal steroids was no longer significant (p=0.397).  
Another scoring system for mortality risk in neonates is the Score for Neonatal 
Acute Physiology (SNAP). The SNAP was validated for infants of all birth weights. The 
index has been modified over time with later versions including non-physiological 
measures (SNAP-II, SNAP-PE and SNAPPE-II). The later versions collect data in the 
first 12 hours after NICU admission, compared to the first 24 hours of the SNAP. 
Physiological measures include: mean blood pressure, lowest temperature, fraction of 
inspired oxygen, lowest serum pH, presence of multiple seizures, and urine output. The 
later two versions include “perinatal extension measures” such as birth weight, small for 
gestational age and low Apgar score at five minutes (< 7). To control for the high 
correlation between birth weight and gestational age, five birth weight categories were 
used and small for gestational age was added to allow for any residual effects of 
gestation. Only birth weight categories of < 750 grams and 750-999 grams were 
significant predicators of mortality. The ROC for the SNAPPE-II for all birth weights 
was 0.91 (SE=0.01) compared to 0.78 (SE=0.01) for birth weight alone. When birth 
weight, SGA and Apgar score were used, the ROC was 0.84 (Richardson, Corcoran, 
Escobar, & Shoo, 2001). 
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Both the CRIB and SNAP are used along with other measures of acuity such as 
birth weight, gestation, APGAR scores and presence of birth defects in order to adjust for 
total risk of mortality ((Richardson, Tarnow-Mordi et al., 1999). Therefore, physiological 
measures are part of an overall risk adjustment methodology. 
 
 Congenital Anomalies 
Congenital anomalies were the leading cause of death in the first year of life in 
the most recent national data (Mathews et al., 2004). Anomalies, controlled for in other 
studies due to their higher mortality rate as compared to other anomalies, are 
anencephaly, renal agenesis, trisomy 13 and 18 (Cockburn et al., 1993; Sanderson, 
Sappenfield, Jespersen, Liu, & Baker, 2000).  In the research on neonatal mortality and 
day of birth or time of birth, studies used the presence of a birth defect as part of their 
risk-adjustment methodology. In some of these studies, infants with malformations that 
were considered lethal were excluded from the study (Gould et al., 2003; Hamilton & 
Restrepo, 2003; Heller et al., 2000; Hong et al., 2006; Lee et al., 2003; Stephansson, 
Dickman, Johansson, Kieler, & Cnattingius, 2003). 
 
Multiple Births 
Multiple births (twins, triplets or higher) have a higher incidence of prematurity, 
low birth weight and subsequent infant death. Data from the 2002 linked United States 
birth and infant death certificates showed that the infant mortality rate was five times 
higher for multiple than for singleton births (32.3 per 1000 live births versus 6.1). This 
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higher rate was constant across all racial and ethnic groups. As the number of fetuses 
increases, so does the risk of infant death. Triplets and quadruplets were 10 to 26 times 
more likely to die in the first year of life than singleton births (Mathews et al., 2004). 
 
Gender and Race 
Studies have found both female gender and Black race as independent predictors 
of survival with female Black infants having the highest survival advantage and male 
White infants having the lowest (Mathews et al., 2004; Morse et al., 2006).  Black infants 
are born premature and low birth weight more often than White infants and have twice 
the rate of extremely preterm (< 33 weeks) and very low birth weight (<1,500 grams) 
infants than White women. White women consistently deliver higher birth weight infants 
even at the same gestational age and level of risk as Black women. However, preterm and 
low birth weight Black infants have a higher rate of survival during the neonatal period 
than their White or Hispanic counterparts and that survival advantage seems highest at 
the lower gestational ages. While at birth weights of less than 500 grams, Black and 
White infants have similar rates of mortality, Black infants have from 62% to 70% of the 
birth weight and gestational age-specific neonatal mortality rates of White infants when 
birth weights between 500 grams and 2,500 grams are considered (Alexander et al., 2003; 
Alexander, Kogan et al., 1999). 
Even with a better survival advantage at lower gestational ages, the overall 
neonatal mortality rate for Black infants is still higher than for White infants. The gap 
between the two groups appears to be widening even though the overall neonatal 
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mortality rate is declining. This widening disparity may be due to differential responses 
of Black and White infants to high-risk obstetrical and neonatal care such as surfactant 
treatment (Alexander, Tompkins et al., 1999; Allen, Alexander, Tompkins, & Hulsey, 
2000; Mathews et al., 2004). 
In a study of Florida infants who weighed less than 1,000 grams, both Black race 
and female gender were predictive of higher odds of survival. Black infants were 30% 
more likely to survive compared to White infants (OR=1.3; 95% CI=1.1-1.5) and female 
infants had a 70% increased survival advantage over male infants (OR=1.7, 95% CI=1.5-
1.9) (Morse et al., 2006). 
International studies also show an increased survival advantage for female infants. 
A Swedish study of over 175,000 births found that male infants had a higher neonatal 
mortality rate than female infants. This higher rate may be due to the higher rate of 
preterm births among male infants (Ingemarsson, 2003). This may lead to decreased lung 
maturity. Elsmen, Pupp and Hellstrom-Westas (2004) found that male infants required 
more mechanical ventilation in the first six hours of life than female infants (60.8% 
versus 46.2%, p=0.026) even though a higher percentage of their mothers received 
antenatal steroid treatment. 
 
Hospital Characteristics and Neonatal Mortality 
Hospital characteristics associated with neonatal mortality include the level of 
care provided by the neonatal intensive care unit, volume of NICU admissions, 
obstetrical interventions, nurse staffing patterns and physician staffing patterns. Each of 
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these is discussed in detail in this section including their relationship with neonatal deaths 
or other adverse patient outcomes, and their measurement in other studies. 
 
Level of Care 
There are three levels of care specified for the care of neonates. Level I facilities 
provide health care for newborns who are healthy or have no major medical problems. 
These facilities do not have neonatal intensive care units (NICU). NICUs are divided into 
Level II and Level III facilities. Level II NICUs provide care for neonates who are 
moderately sick but do not need greater than four hours of assisted ventilation. Level III 
centers are also called regional or tertiary care centers. They provide the most advanced 
and comprehensive care for ill neonates (Phibbs et al., 1996). The designation of a 
facility also includes a weight criterion. Level III facilities in Florida are equipped and 
staffed to care for neonates who are less than 1,000 grams (R. Nelson, personnel 
communication, 2007). 
Infants who are born in a hospital with a neonatal intensive care unit have a 
higher survival than those infants who are transferred from another hospital without a 
Level II or Level III NICU (Mugford et al., 1988).  After controlling for patient acuity 
using the CRIB, researchers from the International Neonatal Network in the United 
Kingdom found that non-tertiary NICUs had a risk-adjusted odds of mortality twice as 
high as tertiary care centers (AOR=2.12, 95% CI= .39-3.24). This study included both in-
born patients and transfers (Cockburn et al., 1993). Others have found no association in 
multivariate models between out-born status and neonatal deaths (Horbar et al., 1997). 
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A 1998 study investigating reasons for the declines in neonatal deaths attributed 
two-thirds of the decline in mortality for very low birth weight infants to the “better care” 
hypothesis defined as advances in neonatal care. The authors attribute therapeutic 
interventions such as the use of surfactants and new respiratory support technologies such 
as Continuous Positive Airway Pressure and High-Frequency Ventilation as underlying 
reasons for better care and improved survival among these infants (Richardson et al., 
1998).  This type of care is found in all Level III NICUs.  
In a 2000 study of neonatal death and level of hospital of delivery, neonatal 
mortality was higher in Level I or Level II hospitals compared to Level III hospitals with 
24 hour physician coverage for infants weighing between 500-1,499 grams (Sanderson et 
al., 2000). A study in Swedish hospitals after regionalization showed that higher 
mortality levels in large, tertiary care centers was completely explained by case mix. 
Only high-risk infants were considered in this model. When all patients were considered, 
regional centers with access to all neonatal services had the lowest neonatal mortality 
compared to smaller hospitals without neonatal care (Merlo et al., 2005).  
 
Volume of NICU Admissions 
Phibbs, Bronstein, Buxton and Phibbs (1996) found that Level III NICUs with 
high volume (at least 15 patients) had the lowest mortality in risk adjusted models. 
Mortality was almost 40% lower for patients in tertiary care centers with high volume 
compared to hospitals with lower volumes and lower levels of care (AOR=0.62, 95% 
CI=0.46-0.82). When Level III units with higher volume were the referent group, 
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mortality was 42% to 60% higher for hospitals with Level I, Level II or Level II+ units 
with both low (< 5 patients) and high (≥ 15) volume. However, 10% of the unmatched 
cases in the study were low birth weight compared to 5% of the matched cases being low 
birth weight. If low birth weight is disproportionately related to large, tertiary care 
centers, then the results would be biased toward lower mortality in those centers.  
In a study conducted by researchers at RAND Corporation, the volume of 
admissions to NICUs was found to be a poor predicator of mortality. Using the Vermont 
Oxford Database to assess variations in mortality at 332 NICUs in the United States, 
volume of admission explained only nine percent of the variation in these rates. There 
was a threshold of at least 50 very low birth weight admissions per year where mortality 
was lower for those NICUs that exceeded this limit. The historical mortality rates at these 
NICUs was the best predicator of future mortality rates (Rogowski, Staiger et al., 2004). 
However, a 2002 study by the UK Neonatal Staffing Study Group found that 
patient volume, as measured by maximum occupancy (number of infants in unit on day 
of birth divided by the maximum occupancy of the unit during the study period) was 
related to mortality in a study of 186 NICUs in the United Kingdom. The odds of dying 
on the day of birth increased by 9% for every 10% increase in maximum occupancy 
(AOR=1.09, 95% CI=1.01-1.18). Almost every NICU in this study had higher occupancy 
than the established number of beds. Therefore, these results may relate more to 
crowding than to volume. Patient volume, as measured by the number of <1,500 gram 
infant admissions per year, was not a significant predictor in any of the models. 
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Obstetrical Interventions and Role in Birth Patterns 
The case mix or illness severity of infants admitted to the NICU is dependent 
upon obstetrical practices and care provided prior to delivery and in the delivery room 
(Richardson, Shah et al., 1999). Research that has examined the relationship between the 
timing of birth and subsequent neonatal death has observed a pattern of a higher number 
of births during the week than the weekend. MacFarlane (1978) found that the ratio of 
births (average number of births on each day of the week to the average number of births 
per day over an entire year) were the lowest on Sunday with a ratio of .77 in 1976. A 
ratio of one indicates equal birth patterns across each day of the week. A ratio less than 
one indicates fewer births than expected while a ratio of more than one indicates more 
births than expected. Researchers have observed that this type of pattern is due to 
obstetrical interventions during the week. 
Joyce, Webb and Peacock (2004) found a negative relationship between 
obstetrical interventions, the availability of obstetricians and stillbirth rates. With 65 
English hospitals included in the study, those with higher levels of intrapartum 
interventions (β= -0.21, p=0.003) and higher numbers of obstetricians available for 
consultations (β= -055, p=0.23) had stillbirth rates that were lower. This relationship did 
not hold true for the neonatal mortality rate. This reduced stillbirth rate would lead to an 
increase in live-born infants who may need NICU care. 
Richardson and colleagues found that the recent reductions in neonatal mortality 
were due, in part, to obstetrical interventions such as using tocolytics to delay labor and 
using antenatal corticosterioids to improve lung function prior to birth. They attribute 
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one-third of the reduction in neonatal deaths to the “better babies” hypothesis. Therefore, 
infants arrive in the NICU in better condition with improved survival (Richardson et al., 
1998). In another study, the use of prenatal steroids provided a protective effect on the 
Agpar scores of newborns (AOR=0.50, CI=0.37-0.68) (Richardson, Shah et al., 1999).  
Recent studies have explored the outcomes for term infants born by cesarean 
versus vaginal birth. Kolas, Saugstad, Daitveit and Nilsen (2006) found that infants born 
by planned cesarean had higher NICU admissions and neonatal mortality rates than 
infants born through a planned vaginal delivery. Using almost 19,000 term deliveries 
from 24 obstetric units in Norway, the authors found that term infants born by planned 
cesarean had a 74% higher odds of admission to the NICU than term infants born by 
planned vaginal delivery (AOR=1.74, 95% CI=1.38, 2.18). When women having a 
pregnancy that could be considered high-risk were excluded from the analysis, the results 
did not change. These infants had twice the risk of having a pulmonary disorder until 39 
weeks gestation when the increased risk was no longer significant. 
MacDorman, Declercq, Menacker and Malloy (2006) found that term infants born 
through cesarean had higher neonatal mortality rates compared to vaginal births. They 
used a cohort of almost 5.8 million US births limiting the analysis to women with “no 
indicated risk”. These are women having singleton, term infants in vertex presentation 
without medical complications or risk factors. Infants born by cesarean delivery had a 
neonatal mortality rate almost 3 times higher than those born by vaginal delivery (1.77 
per 1,000 live births versus 0.62 per 1,000 live births). The disparity in these two rates 
was higher for infants of multiparous women where the neonatal mortality rate was 3.7 
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times higher. For infants of primiparous women, it was 2.2 times higher if the infant was 
born by cesarean versus vaginal delivery.  
The authors conducted multivariate analysis to understand the difference in 
neonatal deaths between these two groups of infants (cesarean versus vaginal delivery). 
After adjusting for infant’s birth weight and gestation, mother’s age, race/ethnicity, 
smoking behavior, educational level and parity, term infants born by cesarean had at least 
2 times the odds of dying during the neonatal period than term infants born by vaginal 
delivery. For the entire cohort, the odds ratio was 2.71 (95% CI=2.43-3.02). When infants 
with congenital anomalies were excluded from the analysis, the odds ratio decreased to 
2.63 (95% CI=2.23-3.10). When infants with congenital anomalies and low Apgar scores 
(<4) were excluded from the analysis, the odds ratio decreased to 2.02 (95% CI=1.60-
2.55). The later two models indicaed that the increased risk of mortality was due, in part, 
to birth defects and poor condition at birth. However, the infant’s condition at birth only 
explained 25% of the variance in neonatal mortality between the two groups of infants. 
These obstetrical interventions affect the case mix in the NICU by improving 
survival in the delivery room thereby increasing NICU admissions of infants who would 
have previously died. These studies do not provide evidence of which infants would have 
died due to stillbirth or which infants died because they were induced too early.  
 
Relationship of Nurse Staffing Patterns to In-Hospital Mortality 
With changes in the healthcare system including the shortage of qualified nursing 
personnel in hospitals, an increase in the acuity of hospitalized patients and hospital 
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reengineering efforts resulting in changes in clinical staffing patterns, many studies have 
investigated the role of skilled nursing in reducing adverse patient outcomes, including 
mortality. Studies have focused on defining the important role of nursing by measuring 
the skill mix of nursing staff (registered to non-registered nursing personnel), the 
workload of the registered nursing staff and the hours of patient care given by RNs.  
 
Skill mix. 
Skill mix includes the proportion of registered nurses to other nursing personnel 
in the unit, the educational level of nurses in the unit and the use of nursing positions 
from outside the unit under study. The body of research in this field indicates that a 
higher skill mix of nurses, reduced patient to nurse ratios and higher skilled nursing hours 
are negatively associated with adverse patient events including death before hospital 
discharge (Heinz, 2004; Lang, Hodge, Olson, Romano, & Kravitz, 2004). In a review of 
22 studies on nurse staffing and patient outcomes, Lankshear, Sheldon and Maynard 
(2005) found that more registered nurses as a proportion of all nursing personnel and 
more registered nurses per patient resulted in reduced mortality. Tourangeau, Cranley and 
Jeffs (2006) found that seven out of the ten studies reviewed found a significant 
association between nursing skill mix and lower patient mortality. The most common 
measure used was nursing skill mix calculated as the number of registered nurses divided 
by all nursing staff. 
Aiken and colleagues (2003) found that the proportion of at-least Bachelor-level 
prepared registered nurses in surgical units was inversely related to mortality within 30 
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days after admission. Patient mortality decreased by 5% for each 10% increase in the 
proportion of nurses with at-least a Bachelor’s degree after adjusting for both patient and 
hospital characteristics (AOR=0.95, 95% CI=0.91-0.99). Nursing experience was not 
related to patient mortality in this study. 
Using hierarchical linear regression, Estabrooks and colleagues (2005) 
demonstrated that each measure of skill mix was significantly related to patient mortality. 
A higher proportion of RNs to other nursing personnel resulted in a 17% reduction in 
patient mortality (AOR=0.83, 95% CI=0.73-0.96). There was a 19% reduction in patient 
mortality when there was a higher proportion of RNs with a Bachelor’s Degree 
(AOR=0.81, 0.68, 0.96). There was a positive relationship between a higher proportion of 
non-unit specific nursing personnel and patient mortality (AOR=1.26, 95% CI=1.09-
1.47) resulting in an increase in odds of mortality by 26%. These results were from a 
fixed-effects model for patient level characteristics. When patient level effects were 
allowed to vary across hospitals, the conclusions stated above did not change. 
 
Nurse to patient ratio. 
Nurse to patient ratio has been measured directly as the number of patients 
assigned to each registered nurse or indirectly using the total number of patients or beds 
in a unit divided by the total number of registered nurses in the unit for the shift (Carmel 
& Rowan, 2001). In a 2003 study in Australia found that survival was improved by 82% 
with the highest infant to nurse ratio of 1.71-1.97 (AOR= 0.18, 95% CI=0.06-0.50). 
Similar improvements were found for the medium (1.59-1.70) staffing ratios with a 
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reduction in mortality of 16% (AOR=0.84, 95% CI=0.42-1.66). This study examined 
mortality within the first three days after admission to the NICU for very low birth 
weight infants while controlling for acuity and unit workload. Acuity was measured using 
the CRIB. Although 17% of the infants in the study were transferred to the unit after 
birth, outborn status was not a significant covariate (Callaghan, Cartwright, O'Rourke, & 
Davies, 2003). This study used the number of patients for each nurse instead of the 
number of nurses for each patient. 
Callaghan and colleagues (2003) were unable to measure individual infant to 
nurse workloads during the infant’s hospital stay, measured only for the first three days 
after admission. Instead, their measure was pooled for each infant over each nursing shift 
during the inpatient stay and measured all nurses on duty in the unit for each shift and 
divided that by all infants in the unit for that particular shift. They then used the CRIB to 
determine acuity and calculate dependency scores by pooling these scores over the shifts 
for the first three days after admission for each infant. Therefore, the individual needs of 
each infant during the time period of the study could not be directly calculated. Further, 
they were not able to measure nursing experience or the use of non-NICU nurses.  
Tucker and colleagues (2002) were unable to show an association between 
neonatal mortality and nurse to infant ratios. They measured patient workload by dividing 
the total number of nurses on duty at two time points and dividing that number by the 
number recommended based on national standards in the UK. These standards specify the 
number of nurses recommended per patient based on whether the patient is in intensive 
care or special care. 
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In a 2004 study of a pediatric intensive care unit, unit occupancy and patient 
dependency were associated with an increase in adverse events. Patient dependency was 
measured as the number of nurses required per bed in four categories: non-ventilated or 
stable patients, mechanically ventilated patients, patients needing advanced organ support 
such as high-frequency oscillatory ventilation and patients on extracorporeal membrane 
oxygenation (ECMO). When bed occupancy and patient dependency were considered 
high, the odds of an adverse event increased 63% (AOR=1.63, 95% CI=1.03-2.59) 
(Tibby, Correa-West, Durward, Ferguson, & Murdoch, 2004).  
Tamow-Mordi, Warden and Shearer (2000) found that when nursing work load 
increased so did patient mortality in the intensive care unit. Nursing work load was 
measured by the nursing requirement per bed for each shift and the highest occupancy 
during the patient’s stay. These variables were categorized according to whether or not 
the occupancy of the ICU reached its maximum capacity and whether the average 
number of nurses was less than or greater than the required number per bed. At 
intermediate to high workloads, the odds of death increased by two to three times 
compared to patients where there was a moderate workload.  
A 2003 study in Thailand found that the nurse to patient ratio was the only 
significant predicator of mortality among the nurse staffing measures studied. Other 
nursing measures studied and found to be non-significant were skill mix, RN experience 
and proportion of RNs that were Bachelor’s prepared. The analysis showed that there was 
an inverse relationship between the nurse to patient ratio and mortality in both medical 
and surgical units (β= -1.298, p<.01) (Sasichay-Akkadeshanunt et al., 2003).  
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Aiken, Clarke, Douglas, Sochalski and Silber (2002) found that for each 
additional patient in the average workload per nurse, the odds of death 30 days post 
admission increased by 7% (AOR=1.07, 95% CI=1.03-1.12) after controlling for patient 
and hospital characteristics. This study focused on surgical patients and controlled for 
patient acuity using Diagnostic Related Groups for identifying co-morbid conditions of 
the patients. Only nurses involved in direct patient care were included in the study. The 
addition of other nursing personnel (licensed practical nurses and assistants) did not 
reduce the odds of death within 30 days after admission. When nursing education was 
used as a control variable, this relationship between volume and mortality was still 
significant. The adjusted odds ratio declined to 1.06 (95% CI=1.01-1.10) showing a 6% 
increase in mortality for each additional patient per nurse (Aiken et al., 2003). 
 
RN nursing hours. 
None of the studies reviewed that used RN nursing hours as an independent 
variable were conducted in neonatal or pediatric intensive care units. Studies presented in 
this section were done using adult patient populations. Studies have found that an 
increase in both nursing hours and RN nursing hours has resulted in reduced length of 
stay and adverse outcomes. There is weaker evidence related to nursing hours and patient 
mortality. Lichtig, Knauf, and Miholland (1999) found an inverse relationship between 
total RN nursing hours and patients length of stay. Cho, Ketefiann, Barkauskas and Smith 
(2003) found that an increase in both nursing hours and the RN hours compared to other 
nursing personnel resulted in a reduction of pneumonia for patients in hospitals. This 
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relationship was not significant for other adverse events studied such as pressure ulcers, 
falls, urinary tract infections, and sepsis. Nursing measures were pooled in this study over 
three separate hospital units: intensive care, coronary care and acute care. 
In a study of 799 hospitals in 11 states, there was a negative relationship between 
registered nursing hours to patient adverse events such as length of staff, urinary tract 
infections and hospital-acquired pneumonia. This was for both the proportion of 
registered nursing hours to non-registered nursing personnel and for the number of RN 
hours provided per patient day. However, an increase in the proportion of RN hours and 
an increase in RN hours per patient day did not have a significant impact on patient 
mortality (Needleman, Buerhaus, Mattke, Stewart, & Zelevinsky, 2002). 
Tourangeau, Giovannetti, Tu and Wood (2002) investigated total RN nursing 
hours as a proportion of all nursing hours and 30-day patient mortality rates. In addition 
to RN nursing hours being significant, they also found nursing experience and the 
number of shifts missed were also important predictors of patient mortality. The effect of 
RN nursing hours was consistent across all types of hospitals in the study. As the 
proportion of RN hours to all nursing hours increased by 10%, the number of patient 
deaths declined by five for every 1,000 discharged patients. 
 
Relationship of Physician Staffing Patterns to In-Hospital Mortality 
In addition to the impact of nurse staffing patterns on patient outcomes, studies 
have investigated the impact of physician staffing on the same outcomes. Measures have 
included the presence of physicians onsite 24 hours per day, seven days per week; the 
 46 
 
 
-  
different levels of physicians (attending, fellow and resident) in a unit (intensive care, 
surgical); and the ratio of physicians to patients. In a review of the literature on the issue 
of hospital staffing and mortality, the most common measure used for physician impact 
was the number of board certified physicians divided by the average daily patient census. 
Three of five studies found an inverse relationship where the higher the percentage of 
physicians to patients, the lower the mortality. 
In a review of the research on physician staffing and outcomes of both pediatric 
and adult intensive care unit patients, Pronovost and colleagues found that 14 of the 15 
studies reviewed found a significant association. In units with high intensity staffing of 
board certified physicians in the specialty care of critically ill patients, there was a 40% 
reduction in mortality risk using a random-effects, pooled unadjusted relative risk ratio 
(RR=0.61, 95% CI= 0.50-0.75) (Pronovost et al., 2002). Two of these studies were 
related to PICUs and are cited later in this section.  
Stilwell, Szczepura, & Mugford (1988) found an inverse relationship between the 
level of pediatricians and mortality of low birth weight infants during the perinatal period 
(fetal deaths > 28 weeks and neonatal deaths during first seven days after birth).  Based 
on their linear regression analysis, the rate of perinatal mortality (8 per 1,000 live births) 
decreased by .22 for every unit increase in the ratio of pediatricians per 10,000 births. 
However, for very low birth weight infants, only birth weight was a significant predicator 
of perinatal death.   
When the ratio of pediatricians per the total low birth weight infants in the unit 
was used as an independent variable to explain first week mortality, it explained 60% of 
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the variance in those deaths. When birth weight as a ratio of very low birth weight or low 
birth weight to all births in the unit was added to the equation, it was not significant. 
Staffing patterns related to nursing were not significant. In a follow-up study, they failed 
to find pediatrican staffing levels as a significant predicator of mortality after 
regionalization of neonatal care had occurred in England. The authors theorized that after 
regionalization women experiencing high-risk pregnancies were more likely to be 
transferred to hospitals with NICUs prior to the delivery, thereby reducing the effect of 
those units with higher pediatric staffing levels (Mugford et al., 1988).  
In a study that investigated over 5,000 admissions to 16 different pediatric 
intensive care units (PICU) in the United States, the authors found that the presence of a 
pediatric intensivist in the PICU decreased the odds of mortality by 35% (AOR=0.65, 
95% CI=0.44-0.95). There was also a higher odds ratio of death for children in PICUs at 
teaching hospitals (AOR=1.79, 95% CI=1.23-2.61). However, this was not significant 
when resident care was included in the model (p=.39) indicating that the higher risk of 
death was due to care provided by residents, not due to receiving care in a teaching 
hospital. To further investigate this finding, the authors stratified the analysis by year of 
residency and month of the year. They found increased odds of mortality when care was 
provided by 1st and 2nd year residents. The risk of mortality was also higher when care 
was provided by residents during the first three months (July-September) of the academic 
year compared to the last three months (April-June). In the study, 50% of teaching 
hospitals had resident coverage but no intensivist coverage. The volume in the PICU and 
the transfer status of the patient were not significant indicators of mortality. The authors 
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used the Pediatric Risk of Mortality (PRISM) score for patient risk-adjustment (Pollack et 
al., 1994).  
Goh and colleagues (2001) found that 24 hour coverage in the Pediatric Intensive 
Care Unit (PICU) by an ICU physician resulted in a reduction in the standardized 
mortality ratio from 1.57 (95% CI=1.25- 1.95) without this coverage to 0.88 (95% 
CI=0.63-1.19) when it was present. Patient acuity was controlled for using the PRISM II 
score. Standardized mortality ratios were calculated by dividing the observed deaths in 
the unit by the number of deaths predicted through the PRISM II. 
Tenner, Dibrell and Taylor (2003) conducted a retrospective cohort study of the 
impact of in-house hospitalists on mortality in the PICU compared to care provided by 
residents in another hospital. In both units, the same pediatric group provided the 
coverage and an intensivist was available after hours for consultation. The odds of 
survival were 2.8 (p=.013) when a hospitalist was in-house compared to the presence of a 
resident. This significant association remained even after controlling for potential 
confounding variables such as patient acuity using the PRISM II and various patient 
diagnoses associated with higher mortality.  
However, a 1997 study using the Vermont Oxford Network database did not show 
a reduction in neonatal mortality when there was a pediatric residency program present 
(AOR=1.18, 95% CI=.94-1.47). Rather, it found that patient-level variables had a much 
greater effect on mortality. These variables included birth weight, birth defects, Apgar 
scores, male gender, antenatal steroid treatment, multiple gestation, vaginal delivery, race 
of Black. This study was limited to infants between 500 and 1,499 grams (Horbar et al., 
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1997). It measured the presence of a residency program but did not measure physician 
staffing patterns onsite at the NICUs in the study. Further, the Vermont Oxford Network 
Database is voluntary and does not include all NICUs in the United States. This study 
included small samples for both very small and very large NICUs (Horbar et al., 1997).  
 
Summary of the Research 
This study builds on the existing research by examining both the individual 
effects and effect modification of day of admission and time of admission to a NICU and 
subsequent neonatal death prior to discharge. Few studies have utilized NICU data and 
those studies have addressed the issue of time of admission. This study will also address 
the issue of nurse staffing as it relates to these deaths. Studies that have analyzed nurse or 
physician staffing in either the NICU or PICU have not simultaneously examined the 
issue of day or time of admission. This study will be able to adjust for case mix and 
staffing patterns, both mentioned as possible explanations for the higher neonatal death 
rate on weekends and during nighttime hours.
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Chapter Three: Methods 
The purpose of this study was to investigate the time of admission to a Neonatal 
Intensive Care Unit (NICU) and its association with in-hospital mortality among a cohort 
of neonates at a regional perinatal center.  Two different time points were considered. 
The first time point was admission on the weekend versus the weekday. The second time 
point was admission during the nighttime shift versus the day shift. The secondary 
purpose of the study was to investigate if registered nurse staffing affected this 
association between NICU admission day or admission time and in-hospital death. 
 
Research Design 
This study was a retrospective cohort study of admissions to the Neonatal 
Intensive Care Unit (NICU) of a tertiary care hospital with a Level III NICU. The study 
population included all admissions to the NICU from October 1, 2001-December 31, 
2006. Infants were excluded from the study if they were admitted to the newborn nursery 
before admission to the NICU, were not discharged at the time of the study or the infant’s 
record could not be linked with the mother’s record. Infant NICU records, maternal 
obstetric records and nurse and physician staffing records were used.  
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Study Setting 
Tampa General Hospital is a tertiary care hospital with 818 beds for acute care 
and 59 beds for rehabilitation care. The hospital serves as the regional trauma and burn 
center for West Central Florida. TGH is a private hospital governed by its own Board of 
Directors. It serves as the teaching hospital for the University of South Florida (USF) 
College of Medicine and provides clinical experience for students of nursing at USF, 
University of Florida, University of Tampa, Hillsborough Community College and St. 
Petersburg College (Tampa General Hospital, 2007).  
TGH is one of eleven Regional Perinatal Intensive Care Centers (RIPCC) in 
Florida. It is one of only six hospitals in Florida which provides Extra Corpeal Membrane 
Oxygenation (ECMO) treatment. The hospital is a Level III NICU with a total of 42 beds, 
2 of which are for ECMO (Tampa General Hospital, 2001, 2007). The NICU is also a 
Closed Unit, meaning that a single group provides the medical care (Pronovost et al., 
2002). For TGH it is board certified neonatologists from the USF College of Medicine. 
In 2006, TGH received the status of Magnet Hospital by the American Academy 
of Nursing (Tampa General Hospital, 2007). In a study by Aiken, Havens & Sloane 
(2000) on the characteristics of Magnet Hospitals, they found hospitals with this 
designation had higher nurse to patient ratios and 50% of the RNs on staff had at least a 
Bachelors in Nursing degree compared to 34% for non-magnet hospitals. 
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HIPAA and the Protection of Human Subjects 
An application was submitted to the Institutional Review Board of the University 
of South Florida and TGH Office of Clinical Research for approval. The request for 
access to TGH databases was approved by TGH on April 20, 2007 (Appendix A) and 
USF under an Expedited Review on May 18, 2007 (Appendix B). IRB approval for the 
study ends on May 16, 2008.  
Data from TGH was placed on the secure server at the University of South Florida 
Health Science Center. This server is housed at NOC (Network Operations Center) on the 
USF Health campus. All data transfer protocols are Health Insurance Portability and 
Accountability Action (HIPAA) compliant: all data are encrypted using a 256-bit 
encryption. Data was housed on the LAWTON directory within the HSC server. This 
directory is for the Lawton & Rhea Chiles Center, Department of Family and Community 
Health, College of Public Health at USF. Within this directory a folder, NICU Study, was 
created which was password protected. Only the Principal Investigator and a faculty 
member of the Dissertation Advisory Committee had permission to access this folder. 
Data from TGH was placed on a CD-ROM or 3.5” diskette and hand carried to the USF 
Chiles Center and uploaded onto the NICU Study folder on the day it was obtained. The 
CD-ROMs were kept in a locked file cabinet at the Chiles Center until the study was 
completed and were destroyed at the end of the IRB approval period. The individual 
databases which contained identifying information were deleted from the server after the 
linked data sets were verified as being accurately linked mother-infant pairs.  
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Once all the databases were linked, the identifying information on each infant and 
mother pair was deleted, leaving only the unique identifier created for the record. This 
identifier did not use any protected health information but was a sequential number of all 
records in the database beginning with the number one. The de-identified data sets will be 
maintained according to USF IRB policy and then they will be destroyed.  
 
Study Population 
Infants available for inclusion in this study are those infants who were admitted to 
the TGH NICU between October 1, 2001 and December 31, 2006. Infants were excluded 
from the study if they were admitted to the newborn nursery before admission to the 
NICU, were not discharged at the time of the study or the infant’s record could not be 
linked with the mother’s record. Infant NICU records, maternal obstetric records and 
nurse and physician staffing records were used.  
 
Sampling Framework 
Admissions were selected based on data contained in the Tampa General 
Healthcare Neonatal Intensive Care Unit Database. All infants admitted to the TGH 
NICU from October 1, 2001 through December 31, 2006 were eligible to be included in 
the study, unless they met exclusionary criteria.  
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Data Collection 
This section describes the three main databases used in this study: the Tampa 
General Healthcare Obstetrics Outcomes Information System, The Tampa General 
Healthcare Neonatal Intensive Care Unit Database and the Nurse Staffing Database. The 
procedures used to link these databases are then described. Finally, there is a discussion 
of the validity and reliability of these databases. 
 
Obstetrical Database 
 
The Tampa General Healthcare Obstetrics Outcomes Information System(OOIS) 
was used to provide relevant information regarding the infant’s mother. The data utilized 
from this database were: Patient Name, Patient Complete Address, Maternal Race, 
Maternal Age, Prenatal Care, Maternal Transport, Multiple Gestation, Fetal 
Complications – Fetal Anomaly, Primary Type of Delivery, Cesarean Delivery 
Indication, Oxytocin Induction, Oxytocin Augmentation, Oxytocics, Neonatal 
Information (Delivery Day and Time, Total Number of Fetuses, Gender, Birth Weight, 
Apgar Score at 5 Minutes, Disposition of Neonate). Data was pulled from Date of 
Delivery for the time period October 1, 2001 through December 31, 2006. This 
information was obtained June 2007. 
 
Neonatal Intensive Care Unit Database 
The Tampa General Healthcare Neonatal Intensive Care Unit Database 
(NICUD) was used to provide relevant information regarding the infant. This is the main 
database to which the others were linked. Where data from the OOIS and the NICUD 
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contained equivalent information (e.g. infant birth weight, infant gender, etc.), the data in 
the NICUD was considered the gold standard and that data was used in the study. This 
database has been maintained by one individual since its creation, October 1, 2001. 
The data utilized from this database were: Patient Name, Patient Complete 
Address, Date of Birth and Date of Admission, Gender, Race, Mother’s Age, Prenatal 
Care, Location of Birth, Gestational Age, Birth Weight, Pulmonary Morbidity 
Information (mechanical ventilation), ECMO use, Transferred From, Discharge Date, 
NICU Discharge Destination, NICU Discharge Status. The NICUD contained 
information on all admissions to the NICU beginning on October 2001. Each infant will 
be the unit of measure. Data was pulled using Date of Admission for the time period 
October 1, 2001 to December 31, 2006. This information was obtained June 2007. 
 
Nursing Staffing Database 
The Automated Nursing Staffing Office System (ANSOS One-Staff™) from 
McKesson provided the information needed on staffing patterns of nurses by day and 
shift. The ANSOS™ database contained information on nursing staff by unit. It included 
information on the type of credential (RN, LPN), unit assignment (NICU), shift worked 
by day of week and time of day. Specifically, the Joint Commission for the Accreditation 
of Healthcare Organizations (JCAHO) report which provided a report by unit, day and 
shift on the number of Registered Nurses, Licensed Practical Nurses and Technicians was 
used. This report was exported to individual text files. This report contained no employee 
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names or numbers. Reports on staffing for the NICU from October 1, 2001 through 
December 31, 2006 were used for the study. This information was obtained August 2007. 
 
Data Linking Procedures 
The OOIS and NICUD databases were linked using identifying data in both the 
databases that pertained to the mother and infant. The nurse staffing database was linked 
to the NICUD-OOIS linked database using Date of Admission. After linking all 
databases, Date of Admission was recoded to Day of Week. Time of Admission was 
recoded to the shift: Day or Night. The Nurse Staffing Database was the report used for 
JAHCO. This report contained no identifying information on staff or patients. This final 
database was stripped of all identifying information: patient names, patient admission and 
discharge dates, patient addresses, patient birth dates and dates of death. Maternal data 
not linked to NICU admissions was deleted from the final database. 
 
Validation and Reliability of the Databases 
The OOIS and NICUD are maintained by one individual. The databases maintain 
internal codes to ensure data integrity is maintained. The data is obtained from actual 
patient registration forms completed by hospital personnel. Data from these databases is 
used for the hospital’s annual reports to Children’s Medical Services for the statewide 
Florida Regional Perinatal Intensive Care Center Annual Report. This data is verified by 
CMS through the comparison of a selected number of patient medical records with the 
information contained in the databases every two years.  
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The ANSOS™ database is also maintained by one individual. This database 
serves as the primary scheduler of nursing personnel for the entire hospital. The integrity 
of the staffing databases must be obtained in order to ensure proper scheduling of 
personnel in a critical care unit.  
 
Data Analysis 
This section describes the data assumptions used during the analysis phase. The 
study variables are then defined. How the data will be analyzed using descriptive 
statistics, bivariate correlations and multivariate models is given. 
 
Data Assumptions 
The time of admission is not recorded in the NICUD. Therefore, if an infant was 
admitted to the NICU immediately after delivery, the time of admission to the NICU will 
be considered to be the time of birth recorded in the OOIS. If the infant was admitted to 
the newborn nursery first, they will be excluded from the study. If the infant was 
transferred from another hospital, they will be excluded from the analysis of the research 
questions regarding time of admission or effect modification with day of admission and 
the subsequent impact on infant mortality. If the time of delivery is at the change of a 
shift, then the time of admission to the NICU was assumed to be the next shift. Numbers 
of nurses were assumed to be present during the entire shift for which they are scheduled. 
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Study Variables 
Study variables include the outcome variable, the exposure variables and the 
covariates. The coding of each of these variables is provided in this section. 
 
Outcome variable. 
 The outcome variable was death of an infant before discharge from the NICU. 
This was a nominal level variable which was dummy-coded with death coded as a 1 and 
survival coded as a 0 (DEATH). The NICUD records the discharge status of each infant. . 
 
Exposure variables.  
The exposure variables were either Weekend Admission or Nighttime Admission. 
Models were developed for each and effect modification between the two was tested for 
significance. These are both nominal level variables. They were dummy-coded with a 1 
indicating Weekend Admission or Nighttime Admission and a 0 indicating Weekday 
Admission or Daytime Admission. The referent group was coded as 0. Staffing variables, 
in which staff worked during the evening shift, 3:00 pm to 11:00 pm, were split between 
the Day Time and Nighttime Shifts. 
• Weekend Admission (WA) was defined as an infant admitted to the NICU 
between 7:01 pm Friday and 7:00 am Monday. 
• Nighttime Admission (NA) was defined as an infant admitted to the NICU 
between 7:01 pm and 7:00 am from Labor & Delivery. 
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Covariates. 
 The covariates used in the study were infant’s acuity, gender and race, type of 
delivery, induction, fetal anomaly, multiple birth, RN hours of patient care, nurse to 
infant ratio, and NICU capacity. When the variable was nominal level, the referent group 
is always coded a 0. 
• Infant’s Acuity was based on the following variables: 
o Birth Weight (BW) was a ratio level variable and was defined as 
the infant’s birth weight in grams. According to the most recent 
annual report of the Regional Perinatal Intensive Care Centers, 
birth weight of infants in the RPICC NICUs has a linear 
relationship with survival up to the 751-1000 gram category. After 
that birth weight range, survival is higher than 91% and the curve 
begins to flatten out (Children's Medical Services, 2006). The type 
of curve in the dataset used for this study was tested and 
determined to be close to a normal distribution for the entire study 
population so no term was added to the models. Birth weight was 
defined as a change in 100 grams of birth weight for the 
multivariate analyses to adjust for the low beta coefficient for a 
one gram change in birth weight. 
o Small for Gestational Age (SGA) was a nominal level variable 
with a 1 coded if the infant was SGA and a 0 coded if the infant 
was not SGA. SGA was defined according to the work done by 
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Alexander, Himes, Kaufman, Mor and Kogan (1996) in defining 
SGA categories by race. 
o 5- minute Apgar (APGAR) was a nominal level variable and was 
coded a 1 if APGAR is < 7 at five minutes and 0 if Apgar is 7 or 
above at five minutes. 
o Vent was a ratio level variable with number of days on the 
ventilator. This variable was coded as a dichotomous variable with 
1 indicating days on a ventilator and 0 indicating no days on a 
ventilator. 
• Infant’s Race (RACE) was a nominal level variable. Categories under this 
variable were Black and Other. The referent category was Black coded as 
a 0.  
• Infant’s Gender (GENDER) was a nominal level variable. Categories 
under this variable were Female and Male. The referent category was 
Female coded as a 0.  
• Fetal Anomaly (ANOMALY) was a nominal level variable. Categories 
under this variable were Anomaly Present or Not Present. The referent 
category was Not Present and coded a 0. This will serve as a proxy for 
presence of a birth defect. This variable does not contain any information 
on the type of fetal anomaly, only its presence or absence. 
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• Multiple Birth (Multiple) was a nominal level variable. Categories under 
this variable were Multiple Birth or Singleton Birth. The referent category 
was Singleton birth coded a 0. 
• Type of Delivery (TD) was a nominal level variable. Categories under this 
variable were Spontaneous Vaginal Delivery (SVD) or C-Section (CS). 
Infant who had both codes listed were coded as a C-Section. The referent 
category was SVD and was coded a 0. 
• Induction (IND) was a nominal level variable. Categories under this 
variable were Induction or No Induction with the later as the referent 
category coded a 0. 
• NICU Capacity (CAP) was an interval level variable. It was defined as the 
total number of infants in the NICU (census) per day divided by the total 
number of beds in the NICU (N=42). This variable was computed from 
the admission and discharge data in the NICUD. The census number was 
obtained from TGH for September 30, 2001. Census was defined as the 
total number of infants in the unit at midnight of each day. It was 
computed as (ending census previous day + admissions for that day) – 
discharges for that day. Census is not kept by shift. 
• Nurse to Infant Ratio (NIRDAY) was an interval level variable. It was 
defined as the ratio of nurses by day to the total number of infants in the 
NICU at midnight for that day. It was computed as the number of RNs by 
24-hour day/number of infants at midnight for each day. 
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• Nurse to Infant Ratio (NIRSHIFT) was an interval level variable. It was 
defined as the ratio of nurses by shift to the total number of infants in the 
NICU at midnight for that day on which the shift occurred. It was 
computed as the number of RNs by 12-hour shift/number of infants at 
midnight for each day on which the shift occurred. 
• RN Nursing Hours for Day (RNHR) was a ratio level variable. It was 
defined as the total number of RN nursing hours per 24-hour day.  
• RN Nursing Hours for Shift (SHIFTHR) was a ratio level variable. It was 
defined as the total number of RN nursing hours per 12-hour shift. 
 
Descriptive  Statistics 
Descriptive statistics were used to determine the differences between the two 
cohorts of infants in the study: infants admitted to the NICU on the weekday compared to 
infants admitted on the weekend; infants admitted to the NICU during the day shift 
compared to infants admitted during the night shift. Frequencies were utilized to 
determine difference in demographic information between the two groups. For interval 
level data, the difference in distributions between the cohorts was measured using the 
mean, skew, kurtosis, standard deviation, minimum and maximum values. Tests for 
significant differences used either a chi-square test or t-test depending on the level of 
measurement of the variables being analyzed. These chi-square and t-tests used an alpha 
level at .05 as the threshold needed for statistical significance. . Bivariate correlations 
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between the linear covariates were tested to assess multicolinarity and determine if 
interaction terms were needed. . 
Descriptive analyses were also completed on infants admitted to the Newborn 
Nursery before NICU admission and infants born at TGH who could not be linked to the 
OOIS to determine how their exclusion from the study affected the study results. The 
Statistical Package for the Social Sciences (SPSS®) Version 15.0 for Windows was used 
for data analyses. 
 
Multivariate Models 
Multivariate logistic regression analyses were used to test for a significant 
association between the exposures and outcome while controlling for confounding.  The 
log likelihood ratio statistic was used to test for significance or fit between the full or 
saturated model and reduced models. The difference between the log likelihood statistics 
for the full model and reduced model multiplied by two approximates a chi-square 
distribution. Significance for this test will be at the .05 level. A significant chi-square test 
indicates that the saturated model provides more explanation than the reduced model and 
the saturated model is maintained. A non-significant chi-square test indicates the reduced 
model is not significantly different from the saturated model. Therefore, the reduced 
model provides as much explanatory value as the saturated model and is a more 
parsimonious model so it is maintained (Agresti, 2002; Tabachnick & Fidell, 2001).  
The Wald statistic and Confidence Intervals were used to test for significant 
variables. The Wald statistic is the model coefficient divided by its standard error such 
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that W=β/SE. Confidence Intervals are based on the natural log of the odds ratio (model 
coefficient), its standard error and an alpha level, providing both a lower limit and an 
upper limit around the odds ratio. Confidence intervals provide more explanatory value 
regarding the coefficient. A wider interval indicates a less precise measure of the variable 
(Agresti, 2002; Kahn & Sempos, 1989; Tabachnick & Fidell, 2001) 
Variables were entered into the logistic regression model using a block entry 
method. This type of regression is based on theory or prior research in which the 
researcher determines the order of entry of variables into the model. This compares to 
stepwise regression where variables are entered and retained in the model based only on 
statistical significance (Tabachnick & Fidell, 2001). 
Model goodness of fit was tested using the Hosmer-Lemeshow statistic. This 
statistic tests overall fit of the model but does not provide specific information on 
problems with model fitting. This statistic compares the observed with the expected 
observations in different partitions of the data using the Pearson statistic. A non-
significant results indicates a good fit of the model since the observed values are not 
significantly different from the expected values (Tabachnick & Fidell, 2001). 
Covariates which are in the OOIS (Type of Delivery, Induction, Apgar Score, 
Fetal Anomaly and Multiple Birth) were unavailable for infants who were transferred 
from another hospital and admitted to the NICU. The contribution of these covariates to 
the models for Research Question 1 and Research Question 4 were assessed through the 
following methods to determine if the inclusion of transfers in multivariate models, but 
the exclusions of these covariates, significantly influenced the final model selected. A 
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logistic regression model was developed for Research Question 1 with only in-born 
infants using all of the covariates. The most parsimonious model was selected. Then, a 
second model was developed with the same sample of in-born infants but with the 
exclusion of the following covariates: Type of Delivery, Induction, Apgar Score, Fetal 
Anomaly and Multiple Birth. The two models were compared to determine the change in 
the log likelihood ratio statistic between the saturated model (full-risk adjustment model) 
and reduced model (reduced-risk adjustment model) and the Hosmer-Lemeshow statistic 
for overall fit of each model. Second, a Receiver Operating Characteristic curve was 
developed for each model to determine how the sensitivity and specificity of the model 
changed when the five covariates are excluded. Based on the results of both of these 
analyses, a decision was made to exclude transfers from the analysis. A descriptive 
analysis of transfers and the analysis comparing the full-risk adjustment model to the 
reduced-risk adjustment model are provided in Chapter 4. 
 
Research Questions 
Models tested for each research question are provided below. 
 
Research question 1. 
Is there an association between the day of admission (weekday versus weekend) 
to the NICU and the infant’s outcome?  
DEATH=WDA + BW + SGA + APGAR + VENT + RACE + GENDER + 
MULTIPLE + ANOMALY + TD + error 
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Research question 2. 
Is there an association between the time of admission (day versus night) to the 
NICU and the infant’s outcome?  
DEATH=NA + BW + SGA + APGAR + VENT + RACE + GENDER + 
MULTIPLE + ANOMALY + TD + IND + error 
 
Research question 3. 
Is there effect modification between day of admission and time of admission? 
DEATH=WDA + NA + WDA*NA + BW + SGA + APGAR + VENT + RACE + 
GENDER + MULITPLE + ANOMALY + TD + IND + error 
 
Research question 4. 
Do staffing patterns of nurses in the NICU mediate the association between day or 
time of admission to the NICU and the infant’s outcome?  
1) DEATH=WDA + BW + SGA + APGAR + VENT + RACE + GENDER + 
MULTIPLE + ANOMALY + TD + IND + IBS + CAP + RNHR + NIRDAY + 
error 
2) DEATH=NA + BW + SGA + APGAR + VENT + RACE + GENDER + TD + 
IND + MULTIPLE + ANOMALY + IBS + CAP + RNSHIFT+ NIRSHIFT + 
error 
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3) DEATH=WDA + NA + WDA*NA + BW + SGA + APGAR + VENT + RACE 
+ GENDER + + MULTIPLE + ANOMALY + TD + IBS + CAP + RNHR + 
NIRDAY + error 
 
Sample Size Calculation 
The total number of admissions consisted of 3,511 neonatal admissions to the 
NICU from October 2001-December 2006.  If all admissions were included in the 
analyses, there was 80% power to detect the lowest odds ratio of 1.3 with a 95% 
confidence interval and a tolerance value of .8. There was 80% power to detect an odds 
ratio of 1.4 with a 95% confidence interval but a lower tolerance value of .5 (Kromrey, 
2007). Tolerance assess the multicolinearity among variables in a regression equation. It 
is computed as 1 – SMC (squared multiple correlation of a variable) where that variable 
is the dependent variable in a model with all the other independent variables. At a value 
of 1, there is singularity between that variable and the other independent variables 
(Tabachnick & Fidell, 2001).Tolerance has its value between 1 and .1 with 1 indicating 
no multicolinarity among the independent variables.  
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Chapter Four: Results 
The purpose of this study was to investigate the time of admission to a Neonatal 
Intensive Care Unit (NICU) and its association with in-hospital mortality among a cohort 
of neonates at a regional perinatal center.  Two different time points were considered. 
The first time point was admission on the weekend versus the weekday. The second time 
point was admission during the nighttime shift versus the day shift. The secondary 
purpose of the study was to investigate if registered nurse staffing affected this 
association between NICU admission day or admission time and in-hospital death. 
 
Study Population 
 
This section summarizes the data linking procedures described in detail in the 
next section and provides an overview of the study population. After linking the NICU 
and OOIS databases and excluding cases based on a priori definitions, the total 
admissions included in the study were 1,846 admissions. The total admissions to the 
TGH NICU during the study period of October 1, 2001 – December 31, 2006 were 3,511. 
Of those admissions, 43 were readmissions of infants and these were excluded from the 
study. These infants had two admission dates in the NICU with the first admission 
showing a discharge destination of Acute Care Facility. There was a subsequent 
admission date after the first discharge. There were 59 TGH births which could not be 
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linked to the OOIS and these were excluded from the study. Table 3 shows the 
comparison of TGH births which were linked and those which were not linked. 
 
Table 3       
Comparison of NICU Births Linked to OOIS with NICU Births Not Linked to OOISa (N=1905) 
 NICU Births Linked 
NICU Births 
Unlinked   
  Number Percent Number Percent 
Chi- 
Square (df) p-value 
Exposure Variables 
Weekend Admissionb 434 23.5% 11 18.6% .76(1) .385 
Covariates (non-referent category) 
Male Infantc 971 52.6% 34 57.6% .61(2) .739 
Non-Black Race 1291 69.9% 46 79.7% 2.59(1) .108 
Infant on ECMO 10 0.5% 2 3.4% 7.41(1) .006** 
Infant on Ventilation 457 24.8% 15 25.4% .01(1) .907 
Small for Gestational Age 392 21.2% 11 18.6% .23(1) .631 
Outcome Variable 
Death Prior to Discharge 125 6.8% 3 5.1% .26(1) .610 
Total 1846 96.9% 59 3.1%     
aThe following covariates are found in the OOIS and are therefore excluded from this table:  
multiple birth, APGAR score, delivery type, induction, fetal anomaly. 
bWeekend Admission includes Saturday and Sunday only since admission time is in the OOIS. 
cGender unknown for 1 Linked case.      
**p < .01       
 
The unlinked TGH births had a significantly higher proportion of infants on 
ECMO (3.4%, p=.006) than those births which were linked. However, this represents 
only two infants and is not expected to bias the study results. Results of the t-test 
(Appendix C) on linear variables between these two groups showed a significant 
difference between birth weight and gestation with unlinked births being heavier (mean 
difference=349.216, p=.006) and having older gestational age (mean difference=1.543, 
p=.008). The effect size (difference in means/SD of linked births) is .37 for birth weight 
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and .35 for gestation. This is a medium effect size and given the small proportion of 
admissions unlinked (3.1%) in the sample used for this study the exclusion of these cases 
is not expected to bias the results. There was no significant difference on weekend 
admission or death prior to discharge. 
Of the remaining 3,409 admissions, 2,683 were born at Tampa General Hospital 
and 726 were transferred from another hospital. For TGH births, 1,842 were admitted to 
the NICU directly from Labor & Delivery (L&D), 837 were admitted to the Newborn 
Nursery prior to their admission in the NICU, two were classified as being admitted to 
the Morgue (even though they were in the NICUD) and two were unknown as to 
discharge after L&D. These four infants were discharged alive from the NICUD and were 
included in the analysis. The 839 infants admitted to the Newborn Nursery were excluded 
from the study. Table 4 shows the comparison of infants admitted to the Newborn 
Nursery first with those infants admitted to the NICU first.  
The infants admitted to the Newborn Nursery prior to their NICU admission were 
a healthier group of infants than those admitted to the NICU directly from Labor & 
Delivery. They differed significantly from direct NICU admissions in terms of less 
ventilation, less small for gestational age infants, fewer multiple births, a lower 
proportion with Apgar scores less than seven at five minutes, a lower proportion 
delivered by cesarean section and lower proportion of infants with the presence of a fetal 
anomaly. More Newborn Nursery infants were induced compared to direct NICU 
admissions. 
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Table 4 
Comparison of Infants Admitted to NICU First with Infants Admitted to Newborn Nursery First 
(N=2683) 
       
 NICU Newborn Nursery   
  Number Percent Number Percent 
Chi-
Square (df) p-value 
Exposure Variables 
       
Weekend Admission 547 29.6% 239 28.6% .32(1) .570 
Nighttime Admission 798 43.2% 381 45.5% 1.23(1) .268 
Covariates (non-referent category) 
       
Male Infanta 971 52.6% 476 56.9% 4.62(2) .099 
Non-Black Race 1291 69.9% 597 71.3% .54(1) .465 
Infant on ECMO 10 0.5% 1 0.1% 2.52(1) .113 
Infant on Ventilation 457 24.8% 23 2.7% 185.18(1) p<.001*** 
SGA 392 21.2% 137 16.4% 8.62(1) .003** 
Multiple Birth 310 16.8% 53 6.3% 53.87(1) p<.001*** 
APGAR < 7b 261 14.2% 8 1.0% 111.24(1) p<.001*** 
Cesarean Section 1070 58.0% 331 39.5% 81.44(1) p<.001*** 
Induction 207 11.2% 141 16.8% 16.19(1) p<.001*** 
Fetal Anomaly 170 9.2% 28 3.3% 28.97(1) p<.001*** 
Outcome Variable 
       
Death Prior to 
Discharge 125 6.8% 1 0.1% 56.93(1) p<.001*** 
Total 1846 68.8% 837 31.2%     
aGender unknown for 1  NICU case. 
bAPGAR score missing values for 8 NICU and 2 NBN cases.  
**p<.01; ***p<.001       
 
The results of t-tests on birth weight, gestation, Apgar score and ventilation days 
were also significantly different. Newborn Nursery infants were heavier (3,144 versus 
2,090.55, p<.001), had an older gestational age (38.2 versus 33.32, p<.001), had a higher 
Apgar score at less than seven minutes (8.79 versus 7.91, p<.001) and had fewer days on 
ventilation (.12 versus 3.45, p<.001) (Appendix E). There was no significant difference 
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regarding the exposures, and infants admitted to the Newborn Nursery first were 
significantly less likely to die prior to discharge (0.1% versus 6.8%, p<.001). 
 
Data Linking Procedures 
The NICUD was the primary databases to which all other databases were linked. 
The first link was the OOIS linked to the NICUD. After all mother-infant pairs were 
confirmed, the nurse staffing data from the ANSOS™ Database JCAHO report were 
linked with the NICUD-OOIS database. There were a total of 3,511 admissions to the 
NICU during the study time period of October 1, 2001 – December 31, 2006. There were 
a total of 726 admissions which were transfers. These could not be linked to the NICUD. 
The remaining 2,785 admissions were available for linking with the OOIS. 
 
Deterministic Linking 
The first pass of data matched NICU admissions (NICUD) with mothers in the 
OOIS database based on mother’s first and last name, address and date of birth/delivery. 
This pass yielded 2,343 matches (84% of cases available for linking).  
 
Probabilistic Linking 
The second pass of data matched NICU admission with mothers in the OOIS 
database based on mother’s first and last name and date of birth/delivery. This pass 
yielded 187 matches (6.7% of cases available for linking). These matches were then 
verified comparing infant’s gender, mother’s age, infant’s birth weight and race of infant 
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with race of mother between the two databases. Discrepancies within these variables 
were further investigated to determine if the correct mother-infant pair was linked. For 
birth weight, differences of more than one ounce between the two databases were 
investigated. Where there were differences of birth weight greater than one ounce, 
gender, race or age, the OOIS was used to determine if the same woman gave birth to 
multiples and the wrong twin was matched to the NICU database or to determine if 
another woman with the same name gave birth on the same day and the wrong mother-
infant pair was matched. In no instance of these 187 matches was another woman of the 
same name found to have given birth at TGH on the same day. Therefore, these were 
assumed to be the correct mother-infant pairs. 
 
Manual Linking 
The third pass of data matched NICU admission with mothers in the OOIS 
database manually. This pass yielded 196 matches (7% of cases available for linking).  
Both databases were sorted by mother’s last and first name. These pairs were linked 
based on mother’s first and last name, address and/or date of birth. In all but 17 of these 
cases, the mother’s first and last name and addressed matched but were in a different 
format between the two databases. In 17 of these cases, the mother’s first and last name 
and address matched, but the dates of birth were different. One of these was a 
readmission. Four of these were at shift change and could account for the one day 
difference in dates. The remaining 12 were verified by determining if another woman 
with the same name gave birth on the same day and the wrong mother-infant pair was 
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matched. In no instance of these 12 matches was another woman of the same name found 
to have given birth at TGH on the date of birth listed in either the NICUD or the OOIS. 
Therefore, these were assumed to be the correct mother-infant pair. 
Measures between the two databases which contained the same information were 
compared using correlation coefficients and crosstabulations to determine the level of 
agreement between the two databases and further test the integrity of the linkage. The 
birth weight of the infant between the NICUD and the OOIS had a correlation coefficient 
of .985 (p<.001) and the correlation coefficient for mother’s age was .988 (p<.001). 
Crosstabulations of infant’s gender showed an agreement of 99% on female gender and 
98.8% on male gender; for infant’s race with mother’s race, the agreement for race Black 
was 90.2% and for race Other was 98.6%. Since an infant classified as Black could have 
a mother who is White, it is not expected that the agreement on the race variable would 
be 100%. The level of agreement between these two databases on variables which 
contained the same information provides further support for correct linkage between 
mother and infant pairs.  
 
Unlinked Tampa General Hospital Births 
There were 59 TGH births that were admitted to the NICU which could not be 
linked to the OOIS database using mother’s name (2.1% of cases available for linking). 
Table 3, already discussed, provides the comparison of TGH births which were linked 
with those births which could not be linked and were excluded from the analysis. 
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Data Preparation 
 
Once the databases were linked, the data were prepared for analyses. All 
identifying information was deleted from the final merged database. This included patient 
names and addresses; dates of birth, admission and discharge; and dates of nursing shifts.  
 
NICU and OB Databases 
Both the NICUD and OOIS databases were in Excel format as text variables. The 
Excel files were exported into SPSS® 15.0 for Windows. All variables retained in the 
study were recoded to numeric variables. The outcome variables, exposure variables and 
covariates were all recoded according to the definitions in Chapter 3. Admission day was 
recoded into day of week using the SPSS® compute statement for date function. 
Admission time was recorded into a numeric variable using the SPSS® compute 
statement for time function.  
Census was computed using the number of admissions and discharges in the 
NICUD. Frequency distributions for each date were run and exported into Excel. The 
census on September 30, 2001 was obtained from TGH. The census was then calculated 
in the excel database ((beginning daily census + daily admissions) – daily 
discharges=ending daily census) and imported into SPSS®. Once in SPSS®, it was 
merged into the main database using the Keyed Table command to merge the same 
record into multiple records in the main database. Capacity was defined as the census at 
midnight of each day/42 available beds. 
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RN Database 
The ANSOS™ database was in 91 individual text files for each three-week period 
of the study. These files were copied into an Excel spreadsheet and formatted. Dates were 
reviewed to ensure that each date in the study period was represented. This spreadsheet 
was then exported in SPSS®. Registered nursing hours by day and shift were then 
recoded according to the definition in Chapter 3. In order to include registered nursing 
hours for infants admitted between midnight and 7:00 am, a lag function was used on the 
nursing shift variables to compute the number of nurses on the evening shift and night 
shift from the previous day for each admission in the database. 
 
Descriptive Analyses 
The difference between the two cohorts used in the study, weekend versus 
weekday admissions and nighttime versus day admissions, were compared using chi-
square and t-tests. For crosstabulations with nominal level variables a chi-square test was 
used and for continuous variables a t-test was used. Alpha was set at .05 for significance. 
For continuous variables, the distribution between the two groups was investigated using 
mean, standard deviation, minimum and maximum value, kurtosis and skew. 
 
Weekend Admissions Compared to Weekday Admissions 
Tables 5 and 6 provide the results of weekend admissions compared to weekday 
admissions. Table 5 provides the results of crosstabulations on key covariates and the 
outcome variable with the chi-square statistic and Table 6 provides the results of t-test on 
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key covariates. The results of descriptive analyses providing the standard deviation, 
minimum and maximum values, kurtosis and skew are given in Appendix E. 
 
 
Table 5       
Weekend Admissions Compared to Weekday Admissions (N=1846)  
       
 Weekend Weekday   
  Number Percent Number Percent 
Chi-
Square(df) p-value 
Covariates (non-referent category) 
       
Male Infanta 291 53.2% 680 52.3% .52(2) .770 
Non-Black Race 363 66.4% 928 71.4% 4.72(1) .030* 
Birth Weight < 2500 grams 384 70.2% 902 69.4% 1.06 .745 
Gestation < 37 weeks 420 76.8% 962 74.1% 1.51 .218 
Small for Gestational Age 114 20.8% 278 21.4% .07(1) .788 
APGAR < 7 at 5 Minutesb 83 15.3% 178 13.7% .75(1) .388 
Infant on Ventilation 137 25.0% 320 25.0% .04(1) .852 
Infant on ECMO 3 0.5% 7 0.5% .001(1) .980 
Multiple Birth 88 16.1% 222 17.1% .28(1) .599 
Fetal Anomaly 47 8.6% 123 9.5% .35(1) .552 
Cesarean Section 310 57.0% 760 59.0% .62(2) .732 
Induction 55 10.1% 152 11.7% 1.05(1) .306 
Outcome Variable 
       
Death Prior to Discharge 38 6.9% 87 6.7% .04(1) .846 
Total 547 29.6% 1299 70.4%     
aGender unknown on 1 Weekday case.      
bApgar score missing on 4 Weekend and 4 Weekday cases. 
*p<.05       
 
The only significant difference between weekend and weekday admissions was 
weekend admissions were more likely to be Black (33.6% versus 28.6%, p=.030; note: 
table frequency is for non-Black race). While weekend admissions had a slightly higher 
proportion of deaths, it was not statistically significant (6.9% versus 6.7%, p=.846). 
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Table 6      
T-Test Results for Weekend Admissions Compared to Weekday Admissions (N=1846)   
      
 Weekend Weekday t SE p-value 
  (n=547) (n=1299)     
Mean Birth Weight in Grams 2053.070 2106.330 1.090 48.480 .272 
Mean Gestation in Weeks 33.090 33.420 1.470 .223 .141 
Mean APGAR Score 7.860 7.930 .862 .082 .389 
Mean Days on Ventilation 3.260 3.520 .339 .778 .734 
Mean Number of RNs 54.870 56.280 2.780 .508 .006** 
Mean Number of RN Hours 331.950 341.990 3.240 3.100 p<.001*** 
Mean Census 46.140 46.320 .522 .346 .602 
Mean RN to Infant Ratio 1.190 1.210 4.360 .006 p<.001*** 
Mean Capacity 1.098 1.102 .522 .008 .602 
**p<.01; ***p<.001      
 
Infants admitted on the weekend compared to the weekday, did not differ 
significantly in terms of acuity. However, nursing hours and RN to infant ratio was 
significantly different. There were less mean nursing hours (331.95 versus 341.99, 
p=<.001) and a lower mean RN to infant ratio (1.190 versus 1.210, p<.001) for infants 
admitted on the weekend. Capacity was not significantly different. 
 
Nighttime Admissions Compared to Day Admissions 
Tables 7 and 8 provide the results of nighttime admissions compared to day 
admissions. Table 7 provides the results of crosstabulations on key covariates and the 
outcome variable with the chi-square statistic and Table 8 provides the results of t-test on 
key covariates. The results of descriptive analyses providing the standard deviation, 
minimum and maximum values, kurtosis and skew are given in Appendix F. 
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Table 7       
Nighttime Admissions Compared to Day Admissions (N=1846)  
       
 Nighttime Day   
 Number Percent Number Percent 
Chi- 
Square (df) p-value 
Covariates (non-referent category) 
       
Male Infanta 416 52.1% 555 53.0% .90(2) .637 
Non-Black Race 576 72.2% 715 68.2% 3.37(1) .066 
Birth Weight < 2500 grams 576 77.2% 710 67.7% 4.21(1) .040* 
Gestation < 37 weeks 614 76.9% 768 73.3% 3.23(1) .073 
Small for Gestational Age 162 20.3% 230 21.9% .73(1) .392 
APGAR < 7 at 5 Minutesb 146 18.4% 115 11.0% 19.94(1) p<.001*** 
Infant on Ventilation 209 26.2% 248 23.7% 1.55(1) .213 
Infant on ECMO 1 .1% 9 .9% 4.52(1) . 033* 
Multiple Birth 140 17.5% 170 16.2% .57(1) .451 
Fetal Anomaly 70 8.8% 100 9.5% .32(1) .571 
Cesarean Section 406 51.0% 664 63.0% 31.02(2) p<.001*** 
Induction 96 12.0% 111 10.6% .94(1) .332 
Outcome Variable 
       
Death Prior to Discharge 63 7.9% 62 5.9% 2.81(1) .094 
              
Total 798 43.2% 1048 56.8%     
aGender unknown on 1 Day case. 
bApgar score missing on 2 Nighttime and 4 Day cases. 
*p<.05; ***p<.001       
 
Infants admitted at night differed significantly from infants admitted during the 
day on birth weight, Apgar score, ECMO and cesarean section rates. Nighttime 
admissions had a higher proportion of low birth weight infants (77.2% versus 67.7%, 
p=.040) and subsequently a higher proportion of infants with Apgar scores less than 
seven at five minutes (18.4% versus 11.0%, p=<.001). Infants admitted during the day 
were more likely to be on ECMO (.9% versus .1%, p=.033), however these numbers are 
very small and should be interpreted cautiously. Day admissions were delivered by c-
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section at a higher rate than nighttime admissions (63% versus 51%, p=<.001). Infants 
admitted at night were not significantly more likely to die before discharge than infants 
admitted during the day (7.9% versus 5.9%, p=.094) even though they had a higher 
proportion of deaths. 
 
Table 8      
T-Test Results for Nighttime Admissions Compared to Day Admissions (N=1846)  
      
 Nighttime Day t SE p-value 
  (n=798) (n=1048)       
Mean Birth Weight /Grams 2028.910 2137.480 2.450 44.620 .014* 
Mean Gestation in Weeks 33.040 33.530 2.370 .206 .018* 
Mean APGAR Score 7.740 8.050 3.980 .075 p<.001*** 
Mean Days on Ventilation 3.700 3.250 -.633 .717 .527 
Mean Number of RNs 27.540 29.160 6.261 .258 p<.001*** 
Mean Number of RN Hours 163.500 175.200 7.541 1.550 p<.001*** 
Mean Census 46.290 46.250 -.123 .319 .902 
Mean RN:Infant Ratio .593 .628 11.646 .003 p<.001*** 
Mean Capacity 1.102 1.101 -.123 .008 .902 
*p<.05; ***p<.001      
 
Infants admitted at night had significantly lower mean birth weights (2028.91 
versus 2137.48, p=.014), younger mean gestational age (33.04 versus 33.53, p=.018) and 
lower mean Apgar scores (7.74 versus 8.05, p<.001). Nighttime admissions also had 
significantly fewer mean nursing hours (mean difference of 11.70 nursing hours, p<.001) 
and lower mean RN to infant ratios (.593 versus .628, p<.001) compared to day. 
Bivariate Correlations 
Bivariate correlations between birth weight and hospital-level nursing and census 
variables are given in Table 9. Bivariate correlations between the hospital-level nursing 
and census variables are given in Table 10. 
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Table 9  
Bivariate Correlations with Birth Weight and Hospital-Level Variables (N=1846) 
 Birth  Weight of Infant 
Number of RNs by Day of Admission -.021 
Number of RN Hours by Day of Admission -.018 
Number of RNs by Shift at Admission -.017 
Number of RN Hours by Shift at Admission -.014 
Census/Day -.038 
Capacity/Day -.038 
RN to Infant Ratio by Day of Admission  .024 
RN to Infant Ratio by Shift at Admission  .029 
 
There was no significant correlation between birth weight and any of the nursing 
variables (number of registered nurses, hours of registering nursing or RN to infant ratio) 
for day of admission or shift at admission. There was also no significant correlation 
between birth weight and census or capacity. 
 
Table 10        
Bivariate Correlations with Hospital-Level Variables (N=1846)  
    RN:Infant RN:Infant   
 Hrs/Day RN/Shift Hrs/Shift Day Shift Census Capacity 
RN Day .996*** .967*** .959*** .626*** .575*** .885*** .885*** 
RN Hours/Day  .967*** .958*** .623*** .580*** .882*** .882*** 
RN Shift   .997*** .597*** .667*** .861*** .861*** 
RN Hours/Shift    .593*** .674*** .850*** .850*** 
RN:Infant Day     .885*** .203*** .203*** 
RN:Infant Shift      .206*** .206*** 
Census             1.00*** 
***p<.001        
 
The nursing variables and the census variables were all significantly correlated as 
expected. Since RN hours is based on number of RNs per day or shift, these variables 
have a correlation coefficient close to one (RN number per day with RN hours per 
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day=.996, p=<.001; (RN number per shift with RN hours per shift=.997, 
p=<.001).Capacity is defined through the census numbers and these variables have a 
perfect correlation. The correlation of nurse to infant ratios is strongly correlated with 
nursing hours with a coefficient of .623 (p=<.001) for day of admission and a coefficient 
of .674 (p=<.001) for shift at admission. While nursing hours are strongly correlated with 
capacity (.882, p=<.001 for day of admission; .850, p=<.001 for shift at admission), the 
nurse to infant ratio has a much lower correlation with capacity (.203, p=<.001 for day of 
admission and .206, p=<.001 for shift at admission). 
 
Multivariate Analysis 
Multivariate models using logistic regression were developed to measure the 
association between the exposure variables and the outcome while simultaneously 
controlling for covariates which might be confounders. Table 11 shows the results for the 
bivariate relationships for both exposures and all covariates. Tables 12 – 26 show the 
results for multivariate logistic regression models for the four research questions.  
For multivariate models, Dfbeta’s were run to determine if there were any cases in 
the model with influence. Dfbeta measures the change in the model coefficient of an 
independent variable when a case considered to be an outlier is removed from the 
analysis. Cases with Dfbeta values greater than one may be outliers (Tabachnick & 
Fidell, 2001). To determine how each of those cases affected the outcome of model 
selection, each was removed from the logistic regression model and changes to the log 
likelihood ratio statistic and Hosemer-Lemeshow test for goodness of fit were evaluated 
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to determine if the removal of the case changed the statistics for the selected model. Only 
one model, Model 4B, contained any cases with Dfbeta values exceeding 1. Removal of 
these cases did not change the model results and therefore those cases were retained. 
 
Bivariate Relationships for Exposures and Covariates with Outcome 
Table 11 provides the results of bivariate relationships between the exposures, 
covariates and the outcome variable. Information provided includes the regression 
coefficient, coefficient standard error, Wald statistic, unadjusted odds ratio with 
confidence intervals and significance test.  
Neither weekend nor nighttime exposures had significant unadjusted odds ratios 
for death before discharge. Weekend admission showed an increase of 2.7% in the odds 
of death and nighttime admission showed an increase of 36% in the odds of death. 
However, neither was significant as indicated by an insignificant Wald test (p=.895 and 
p=.100 respectively) and confidence intervals which contained the value of one. 
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Table 11 
Bivariate Relationships for Exposures and Covariates with Death Before Discharge (n=1837) 
        
     Confidence Interval  
  B SE Wald (df) 
Exp 
(B) Lower Upper Sig. 
Weekend Admission .027 .204 .017(1) 1.027 .689 1.531 .895 
Nighttime Admission .308 .187 2.712(1) 1.360 .943 1.962 .100 
Birth Weight/100 
Gram -.145 .015 88.701(1) .865 .839 .891 p<.001*** 
SGA .096 .223 .185(1) 1.101 .711 1.704 .667 
APGAR < 7 2.161 .196 121.652(1) 8.680 5.912 12.743 p<.001*** 
Infant on Ventilation 3.352 .282 141.266(1) 28.570 16.437 49.660 p<.001*** 
Non-Black Race .353 .219 2.603(1) 1.423 .927 2.186 .107 
Male Infant .112 .188 .354(1) 1.118 .774 1.615 .552 
Fetal Anomaly 1.648 .217 57.915(1) 5.199 3.400 7.949 p<.001*** 
Multiple Birth .300 .230 1.697(1) 1.350 .860 2.119 .193 
Cesarean Section .200 .193 1.076(1) 1.221 .837 1.782 .300 
Induction -1.380 .514 7.212(1) .252 .092 .689 p<.001*** 
RN Hours by Day -.002 .001 1.955(1) .998 .995 1.001 .162 
RN Hours by Shift -.004 .003 1.684(1) .996 .991 1.002 .194 
Capacity/Day -.472 .569 .688(1) .624 .204 1.904 .407 
RN:Infant Ratio Day -1.169 .825 2.009(1) .311 .062 1.564 .156 
RN:Infant Ratio Shift -2.196 1.431 2.355(1) .111 .007 1.838 .125 
**p<.01; ***p<.001        
Model terms: weekend=1, nighttime=1, birth weight=100 gram increments, sga=1, APGAR<7=1, 
ventilation=1, non-Black race=1, male=1, anomaly=1, multiple birth=1, c-section=1, induction=1, RN 
hours=actual hours per 24 hour period, RN hours per shift = actual hours per 12 hour shift, 
capacity=census/42, RN:Infant ratio per day=#RN/census; RN:Infant ratio by shift=#RN shift/census. 
 
Covariates which were significant were those related to the infant’s acuity. Birth 
weight showed an unadjusted odds ratio of .865 (95% CI=.839-.891) with a narrow 
confidence interval. For every 100 gram increase in birth weight, there was a 15.6% 
increase in the odds of survival. An Apgar score of less than seven at five minutes was 
associated with a significant increase in the odds of death (UOR=8.68, 95% CI=5.9-
12.743). Being on a ventilator had the strongest association with dying. Infants on a 
ventilator were 28.5 times more likely to die before discharge (UOR=28.57, 95% 
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CI=16.437-49.660). Infant’s with the presence of fetal anomaly had a five-fold increase 
in the odds of dying (UOR=5.20, 95% CI=3.4-7.95). Induction was the last covariate to 
show a significant association with dying. It showed a protective effect with an almost 
75% reduced risk of dying (UOR=.252, 95% CI=.092-.689). 
 
Research Question 1 
The research question under investigation was: Is there an association between 
the day of admission (weekday versus weekend) to the NICU and the infant’s outcome? 
The multivariate analysis found no significant association between weekend admission 
and death prior to discharge.  
The model which was tested is defined as Model 1. There were no cases which 
had Dfbeta values greater than one for this model. Table 12 displays the results of the 
model with the best fit, Table 13 displays the results of the log likelihood tests on each 
model and Appendix G provides each model in each block of entry for the logistic 
regression analysis. The blocks for entry for the first three models were defined as:  
• Block 1: Exposure variable (s) (weekend, nighttime or weekend*nighttime) 
• Block 2:  Infant acuity (birth weight, ventilator, APGAR, SGA) 
• Block 3: Infant characteristics (anomaly, race, gender, multiple) 
• Block 4: OB interventions (induction, cesarean section). 
 
Model 1: DEATH=WDA + BW + VENT + APGAR+ SGA + ANOMALY +  
  RACE + GENDER +  MULTIPLE + IND + TD + error 
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Table 12         
Logistic Regression Model 1 for Weekend Exposure with Death Before Discharge (n=1837)  
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .058 .247 .055 1 1.060 .653 1.721 .814 
Birth Weight -.120 .019 40.569 1 .887 .855 .920 p<.001*** 
Infant on Ventilation 2.316 .326 50.574 1 10.134 5.353 19.186 p<.001*** 
APGAR < 7 1.208 .236 26.110 1 3.347 2.106 5.319 p<.001*** 
SGA .109 .291 .141 1 1.115 .630 1.973 .708 
Fetal Anomaly 2.672 .350 58.255 1 14.474 7.287 28.750 p<.001*** 
Non-Black Race .762 .265 8.236 1 2.142 1.273 3.604 .004** 
Male Infant .063 .229 .075 1 1.065 .680 1.668 .784 
Multiple Birth .205 .283 .526 1 1.228 .705 2.139 .468 
**p<.01; ***p<.001         
Model terms: weekend=1, birth weight=100 gram increments, ventilation=1, APGAR=1, sga=1, 
anomaly=1, non-Black race=1, male=1, multiple=1. 
 
In the best fitting model, the exposure variable remained non-significant even 
though the odds ratio increased from 1.027 to 1.083. Significant variables in this model 
were birth weight, Apgar score, ventilation and non-Black race. Birth weight remained a 
consistent measure with its unadjusted odds ratio (UOR=.865, 95% CI=.839-.891). The 
odds ratios for both Apgar score and ventilation declined from their unadjusted rates. 
Non-Black race, which had a non-significant unadjusted odds ratio, became significant in 
the multivariate model (AOR=2.127, 95% CI=1.261-3.69).  
Table 13      
-2 Log Likelihood Tests for Model 1 with Weekend Exposure     
   Difference   
  Model in Log  Critical 
Model -2LL df Likelihoods Sig. Chi-Square (df) 
Model 1.1: Exposure 902.668 1  .896  
Model 1.2: Acuity 612.022 5 290.646 p<.001*** 9.4877(4) 
Model 1.3:  Infant Characteristics 539.460 9 72.562 p<.001*** 9.4877(4) 
Model 1.4: Saturated 534.190 11 5.27 .072 5.9914(2) 
 ***p<.001      
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Model 1.3 was the best fitting model. The difference in log likelihoods between 
Model 1.3 and Model 1.2 was significantly different, indicating the Model 1.3 had more 
explanatory power (χ2 = 72.562, 4 df, p=<.001). The difference between Model 1.3 and 
the Saturated Model, Model 1.4, was not significantly different (χ2 = 5.27, p=.072) 
indicating that the addition of obstetrical interventions, inductions and cesarean sections, 
did not add any significant value to the explanatory power of the model. The Hosemer-
Lemeshow test for goodness of fit for Model 1.3 had a chi-square value of 6.326 (p=.611) 
indicating the observed probabilities did not significantly differ from the expected 
probabilities.  
 
Comparison of full-risk adjustment model with reduced-risk adjustment model. 
A comparison was made of the model with all risk-adjustment variables, ModelFA 
(birth weight, APGAR score, ventilation, small for gestational age, gender, race, 
anomaly, multiple birth, induction, cesarean section) with a model that had a reduced 
number of variables for risk-adjustment, ModelRA  (birth weight, ventilation, small for 
gestation age, gender and race). ModelFA is given in Tables 12 and 13. ModelRA is 
provided in Tables 14 and 15. The complete analysis for ModelRA is provided in 
Appendix I. This comparison was used to determine if transfers could be included in the 
analyses. There was no information on transfers in the OOIS; so, information on risk-
adjustment (APGAR, anomaly, multiple, induction, cesarean section) was not available 
on these infants.  
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Table 14         
Logistic Regression ModelRA for Weekend Exposure with Death Before Discharge (n=1837)  
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .083 .227 .133 1 1.086 .696 1.694 .715 
Birth Weight -.001 .000 13.765 1 .999 .999 1.000 p<.001*** 
Infant on Ventilation 3.047 .310 96.489 1 21.062 11.466 38.688 p<.001*** 
SGA .454 .266 2.917 1 1.575 .935 2.653 .088 
Non-Black Race .645 .241 7.135 1 1.906 1.187 3.060 .008 
Male Infant .022 .210 .011 1 1.023 .678 1.543 .915 
 ***p<.001         
Model terms: weekend=1, birth weight=100 gram increments, ventilation=1, sga=1, non-Black race=1, 
male=1. 
 
 
Table 15      
-2 Log Likelihood Tests for ModelRA with Weekend Exposure   
   Difference   
  Model in Log  Critical 
Model -2LL df Likelihoods Sig. Chi-Square (df) 
Model RA.1: Exposure 902.668 1  .896  
Model RA.2: Acuity 642.581 4 260.087 p<.001*** 7.8147(3) 
Model RA.3: Infant Characteristics 634.943 6 7.638 .022* 5.9914(2) 
 ***p<.001      
 
ModelRA has a -2 log likelihood score of 634.943. The difference between 
ModelRA and ModelFA -2 log likelihood statistic is 95.483 with 5 degrees of freedom. The 
critical chi-square at 5(df) is 11.0705. Therefore, the difference is significant and the null 
hypothesis that both models are equal is rejected. The Hosmer-Lemeshow test (HL) for 
ModelFA is non-significant (χ2 =6.326, df=8, p=.611), while the HL test for ModelRA is 
significant (χ2 =20.093, df=8 p=.022). Therefore, the ModelRA lacks explanatory power 
over the full risk adjustment model and is not a good fit. The complete models for 
ModelRA are provided in Appendix H. 
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Receiver Operating Characteristic curves were run for both models. The ROC 
curves are provided in Appendix I. The Area Under the Curve (AUC) for ModelFA was 
.932 (.916, .948; SE=.008) and .895 (873, .917; SE=.011) for ModelRA. SPSS does not 
currently provide a method for comparing two ROCs for significant differences (Stephan, 
Wesseling, Schink, & Jung, 2003). However, given the analysis conducted with the two 
models using the log likelihood ratio test and the HL test, and given the greater AUC for 
ModelFA, the model with the full-risk adjustment methodology had greater explanatory 
power and therefore transfers were excluded from the analysis. 
 
TGH NICU admissions compared to transfers. 
Descriptive analyses compared in-born admissions with transfers to determine 
how the exclusion of transfers would bias the results. The two cohorts were compared to 
determine statistically significant differences. Table 16 compares in-born admissions with 
transfers or out-born admissions.  
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Table 16       
Comparison of In-Born NICU Admissions with Transfer NICU Admissionsa (N=2572)   
       
 In-Born Transfer   
  Number Percent Number Percent 
Chi-
Square (df) p-value 
Exposure Variables 
       
Weekend Admissionb 434 23.5% 183 25.2% .82(1) .365 
Covariates (non-referent category) 
       
Male Infantc 971 52.6% 426 58.7% 8.35(2) .015* 
Non-Black Race 1291 69.9% 633 87.2% 83.32(1) p<.001*** 
Infant on ECMO 10 0.5% 24 3.3% 30.52(1) p<.001*** 
Infant on Ventilation 457 24.8% 314 43.3% 84.81(1) p<.001*** 
SGA 392 21.2% 104 14.3% 1892.10(1) p<.001*** 
Outcome Variable 
       
Death Prior to 
Discharge 125 6.8% 62 8.5% 2.42(1) .120 
              
Total 1846 71.8% 726 28.2%     
aThe following covariates are found in the OOIS and are therefore excluded from this table: multiple 
birth, APGAR score, delivery type, induction, fetal anomaly. 
bWeekend Admission includes Saturday and Sunday only since admission time is in the OOIS. 
bGender unknown for 1 In-born and 1 Transfer 
cases.     
*p<.05; ***p<.001       
 
Transfers differed significantly from in-born infants on gender, race, ECMO, 
ventilation and small for gestational age. They were more likely to be male (p=.015) and 
be of a non-Black race (p=<.001). They were also more likely to be on ECMO (p<.001), 
be on ventilation (p<.001) and be small for gestational age (p=<.001). However, as a 
group, t-test results showed they had a higher mean birth weight (2,411.72 versus 
2,090.55, p=<.001) and were of an older gestational age (34.41 versus 33.32, p=<.001). 
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Even though they had a higher proportion of infants on ventilation, they did not have 
significantly more days on ventilation (4.40 versus 3.45, p=.159). Results of t-test are 
given in Appendix J. Transfers were not significantly more likely to be admitted on the 
weekend and were not significantly more likely to die prior to discharge when compared 
to in-born infants.  
The unadjusted odds ratio for out-born infants was also not significant 
(UOR=1.286, 95% CI=.936, 1.766). When entered into ModelRA, the odds ratio was still 
non-significant (AOR=.837, 95% CI=.582, 1.205). Given that they did not differ 
significantly on the exposure or outcome variable, it is not expected that the exclusion of 
transfers will significantly bias the results. 
 
Research Question 2 
The research question under investigation was: Is there an association between 
the time of admission (evening or nighttime versus day) to the NICU and the infant’s 
outcome? The multivariate analysis found no significant association between nighttime 
admission and death prior to discharge. 
The model which was tested is defined as Model 2. There were no cases with 
Dfbeta values greater than one for this model. Table 17 displays the results of the model 
with the best fit, Table 18 displays the results of the log likelihood tests on each model 
and Appendix K provides each model for each block in the logistic regression analysis. 
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Model 2: DEATH=NA + BW + VENT + APGAR+ SGA + ANOMALY + RACE + 
  GENDER + MULTIPLE + +IND + TD + error 
 
Table 17 
Logistic Regression Model 2 for Nighttime Exposure with Death Before Discharge (n=1837) 
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Nighttime Admission .128 .232 .304 1 1.136 .722 1.789 .582 
Birth Weight -.120 .019 40.152 1 .887 .855 .921 p<.001*** 
Infant on Ventilation 2.323 .326 50.622 1 10.203 5.381 19.347 p<.001*** 
APGAR < 7 1.188 .239 24.639 1 3.279 2.052 5.241 p<.001*** 
SGA .127 .293 .188 1 1.136 .639 2.018 .665 
Fetal Anomaly 2.681 .351 58.474 1 14.603 7.345 29.035 p<.001*** 
Non-Black Race .751 .265 8.025 1 2.120 1.260 3.565 .005** 
Male Infant .064 .229 .078 1 1.066 .681 1.670 .780 
Multiple Birth .214 .284 .570 1 1.239 .710 2.162 .450 
**p<.01; ***p<.001         
Model terms: nighttime=1, birth weight=100 gram increments, ventilation=1, APGAR=1, sga=1, 
anomaly=1, non-Black race=1, male=1, multiple=1. 
 
 
Nighttime admission was not significantly associated with risk of dying in the 
adjusted model. The odds ratio declined in the multivariate analysis (UOR=1.360 and 
AOR=1.136) when covariates related to infant’s acuity were added. Birth weight, 
ventilation, Apgar score, anomaly and non-Black race were also significant in Model 2. 
Birth weight, Apgar score, ventilation, anomaly and non-Black race were all consistent 
with their adjusted odds ratios in Model 1. Cesarean section was not significant. 
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Table 18      
-2 Log Likelihood Tests for Model 2 with Nighttime Exposure     
   Difference   
  Model in Log  Critical 
Model -2LL df Likelihoods Sig. Chi-Square (df) 
Model 2.1: Exposure 899.980 1  .100  
Model 2.2: Acuity 611.884 5 288.96 p<.001*** 9.4877(4) 
Model 2.3:  Infant Characteristics 539.212 9 72.672 p<.001*** 9.4877(4) 
Model 2.4:  Saturated 534.168 11 5.044 .080 5.9914 (2) 
 ***p<.001      
 
Model 2.3 was the best fitting model. The difference in log likelihoods between 
the Model 2.3, and Model 2.2 was significantly different, indicating that Model 2.3 had 
more explanatory power (χ2 = 9.4877, 4 df, p<.001). The Saturated Model, 2.4, was not 
significantly different from Model 2.3 and therefore the null hypothesis that the two 
models are equal is not rejected. The Hosemer-Lemeshow test for goodness of fit had a 
chi-square value of 6.326 (p=.615) indicating the observed probabilities did not 
significantly differ from the expected probabilities for Model 2.3 and that this model is 
the best fit for the data. These results agree with the results of Model 1.  
 
Research Question 3 
The research question under investigation was: Is there effect modification 
between day of admission and time of admission? The multivariate analysis found no 
significant association between the exposure variables and death prior to discharge. 
This model tested for effect modification between the two exposure variables, 
weekend and nighttime. The model which was tested is defined as Model 3. There were 
no cases with Dfbeta values greater than one for this model. Table 19 displays the results 
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of the model with the best fit, Table 20 displays the results of the log likelihood tests on 
each model and Appendix L provides each model for each block of entry in the logistic 
regression analysis. 
 
Model 3: DEATH=WDA + NA + WDA*NA + BW + VENT + APGAR+ SGA +  
  ANOMALY + RACE + GENDER + MULTIPLE + IND + TD + error 
 
Table 19         
Complete Logistic Regression Model 3 for Effect Modification with Death Before Discharge 
(n=1837) 
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .205 .363 .321 1 1.228 .603 2.499 .571 
Nighttime Admission .211 .275 .590 1 1.235 .721 2.115 .442 
Weekend*Nighttime -.301 .498 .364 1 .740 .279 1.967 .546 
Birth Weight -.120 .019 40.489 1 .887 .855 .920 p<.001*** 
Infant on Ventilation 2.323 .327 50.556 1 10.203 5.378 19.354 p<.001*** 
APGAR < 7 1.187 .239 24.584 1 3.277 2.050 5.238 p<.001*** 
SGA .130 .294 .197 1 1.139 .641 2.026 .657 
Fetal Anomaly 2.668 .350 58.078 1 14.409 7.255 28.617 p<.001*** 
Non-Black Race .766 .267 8.238 1 2.150 1.275 3.627 .004* 
Male Infant .070 .229 .093 1 1.072 .684 1.681 .761 
Multiple Birth .217 .285 .582 1 1.242 .711 2.170 .445 
**p<.01; ***p<.001         
Model terms: weekend=1, nighttime=1, birth weight=100 gram increments, ventilation=1, APGAR=1, 
sga=1, anomaly=1, non-Black race=1, male=1, multiple=1. 
 
 
Significant results followed the same pattern observed in Model 1 and Model 2. 
Significant covariates were birth weight, ventilation, Apgar score, fetal anomaly and non-
Black race. The value of these covariates in terms of their coefficients, odds ratios and 
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confidence intervals were similar with the other two models. Neither exposure variable 
was significant nor was the effect modification significant.  
 
Table 20      
-2 Log Likelihood Tests for Model 3 with Effect Modification      
   Difference   
  Model in Log  Critical 
Model -2LL df Likelihoods Sig. Chi-Square (df) 
      
Model 3.1: Exposures 899.248 3  .329  
Model 3.2: Acuity 611.568 7 287.680 p<.001*** 9.4877(4) 
Model 3.3: Infant Characteristics 538.819 11 72.749 p<.001*** 9.4877(4) 
Model 3.4: Saturated 533.743 13 5.076 0.079 5.9914 (2) 
 ***p<.001      
 
Model 3.3 was the best fitting model. The difference in log likelihoods between 
Model 3.3 and Model 2.3 with exposures and acuity was significantly different, 
indicating Model 3.3 had more explanatory power (χ2 = 9.4877, 4 df, p=<.001). The 
Hosemer-Lemeshow test for goodness of fit had a chi-square value of 5.644 (p=.687) 
indicating the observed probabilities did not significantly differ from the expected 
probabilities. The difference between the Model 3.3 and the Saturated Model 3.4 was not 
significantly different so the null hypothesis that these two models are equal is not 
rejected. These results are almost the same as those achieved with Model 1 and Model 2.  
 
Research Question 4 
The research question under investigation was: Do staffing patterns of nurses in 
the NICU mediate the association between day or time of admission to the NICU and the 
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infant’s outcome? The multivariate analyses found no significant association between the 
exposure variables and the death prior to discharge. 
Three models were tested: one for each exposure and one for the effect 
modification term. Model 4B had 10 cases with Dfbeta’s greater than one for the 
covariate nurse to infant ratio by shift and 1 case with Dfbeta’s greater than one for the 
covariate capacity. Each of these cases was removed from the model and the statistical 
findings of the best fitting model did not change. These models are defined as Model 4A, 
Model 4B and Model 4C. Tables 21, 23 and 25 display the results of the model with the 
best fit. Tables 22, 24 and 26 display the results of the log likelihood tests on each model. 
Appendices M, N and O provide the results each model for each block of entry in the 
three logistic regression analyses for this section. The blocks for entry were defined as:  
• Block 1:  Exposure variable (s) (weekend, nighttime, weekend*nighttime) 
• Block 2:  Infant acuity (birth weight, ventilation, Apgar score, SGA) 
• Block 3:  Infant characteristics (anomaly, gender, race, multiple) 
• Block 4: OB interventions (induction, cesarean section) 
• Block 5:  Hospital-level covariates (RN hours, capacity, nurse to infant ratio). 
Model 4A contained the exposure variable for weekend admission with all the 
covariates including registered nursing hours per day, capacity per day and RN to infant 
ratio per day. This model is defined below. 
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Model 4A:  DEATH=WDA + BW + VENT + APGAR + SGA + ANOMALY + IND  
  + RACE + GENDER  + MULTIPLE + TD + RNHR + CAP + NIRDAY+  
  error 
 
Table 21 presents the results for research question 4A. The model selected, 4A.3 (see 
Table 22) is the same as the model selected for research question 1, Is there an 
association between the day of admission (weekday versus weekend) to the NICU and the 
infant’s outcome?, Model 1.3. 
 
Table 21         
Logistic Regression Model 4A for Weekend Exposure with Hospital-Level Covariates Included with 
Death Before Discharge (n=1837)  
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .058 .247 .055 1 1.060 .653 1.721 .814 
Birth Weight -.120 .019 40.569 1 .887 .855 .920 p<.001*** 
Infant on Ventilation 2.316 .326 50.574 1 10.134 5.353 19.186 p<.001*** 
APGAR < 7 1.208 .236 26.110 1 3.347 2.106 5.319 p<.001*** 
SGA .109 .291 .141 1 1.115 .630 1.973 .708 
Fetal Anomaly 2.672 .350 58.255 1 14.474 7.287 28.750 p<.001*** 
Non-Black Race .762 .265 8.236 1 2.142 1.273 3.604 .004** 
Male Infant .063 .229 .075 1 1.065 .680 1.668 .784 
Multiple Birth .205 .283 .526 1 1.228 .705 2.139 .468 
**p<.01; ***p<.001         
Model terms: weekend=1, birth weight=100 gram increments, ventilation=1, APGAR=1, sga=1, 
anomaly=1, non-Black race=1, male=1, multiple=1. 
 
The results presented in Table 22 show the results for each step of model entry 
with the Saturated Model, 4A.5, being the block where registered nursing hours for the 
day, capacity for the day and nurse to infant ratio for the day were entered. The addition 
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of nursing and capacity covariates was not significant (χ2=2.342, p=.504; critical χ2 
=7.8147, df=3). Each of these covariates was also non-significant (Appendix M). 
 
Table 22      
-2 Log Likelihood Tests for Model 4A with Weekend Exposure with Hospital -Level Covariates 
   Difference   
  Model in Log  Critical Chi- 
Model -2LL df Likelihoods Sig. Square (df) 
Model 4A.1: Exposure 902.668 1  .896  
Model 4A.2: Acuity 612.022 5 290.646 p<.001*** 9.4877(4) 
Model 4A.3:  Infant Characteristics 539.460 9 72.562 p<.001*** 9.4877(4) 
Model 4A.4: OB Interventions 534.190 11 5.270 .072 5.9914(2) 
Model 4A.5: Saturated 531.848 14 2.342 .504 7.8147(3) 
 ***p<.001      
 
Model 4B contained the exposure variable nighttime admission with all the 
covariates including registered nursing hours by 12-hour shift, capacity for the entire day 
and the nurse to infant ratio for the shift. This model is defined below. 
 
Model 4B: DEATH=NA + BW + VENT + APGAR + SGA + ANOMALY + RACE  
  + GENDER + MULTIPLE + IND + TD + SHIFTHR + CAP +   
  NIRSHIFT+ error 
 
Table 23 presents the results for research question 4B. The model selected, 4B.3 (see 
Table 24) is the same as the model selected for research question 2, Is there an 
association between the time of admission (nighttime  versus daytime) to the NICU and 
the infant’s outcome?, Model 2.3. 
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Table 23         
Logistic Regression Model 4B for Nighttime Exposure with Hospital-Level Covariates Included with 
Death Before Discharge (n=1837) 
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Nighttime Admission .128 .232 .304 1 1.136 .722 1.789 .582 
Birth Weight -.120 .019 40.152 1 .887 .855 .921 p<.001*** 
Infant on Ventilation 2.323 .326 50.622 1 10.203 5.381 19.347 p<.001*** 
APGAR < 7 1.188 .239 24.639 1 3.279 2.052 5.241 p<.001*** 
SG  .127 .293 .188 1 1.136 .639 2.018 .665 
Fetal Anomaly 2.681 .351 58.474 1 14.603 7.345 29.035 p<.001*** 
Non-Black Race .751 .265 8.025 1 2.120 1.260 3.565 .005** 
Male Infant .064 .229 .078 1 1.066 .681 1.670 .780 
Multiple Birth .214 .284 .570 1 1.239 .710 2.162 .450 
**p<.01; ***p<.001         
Model terms: nighttime=1, birth weight=100 gram increments, ventilation=1, APGAR=1, sga=1, 
anomaly=1, non-Black race=1, male=1, multiple=1. 
 
The results presented in Table 24 show the results for each step of model entry 
with the Saturated Model, 4B.5, being the block where registered nursing hours for the 
shift, capacity for the day and nurse to infant ratio for the shift were entered. The addition 
of nursing and capacity covariates was not significant (χ2=5.143, df=3, p=.162). Each of 
these covariates was also non-significant (Appendix N). 
 
Table 24      
-2 Log Likelihood Tests for Model 4B with Nighttime Exposure with Hospital-Level Covariates 
   Difference   
  Model in Log  Critical Chi 
Model -2LL df Likelihoods Sig. Square (df) 
Model 4B.1: Exposure 899.980 1  .100  
Model 4B.2: Acuity 611.884 5 288.96 p<.001*** 9.4877(4) 
Model 4B.3:  Infant Characteristics 539.212 9 72.672 p<.001*** 9.4877(4) 
Model 4B.4: OB Interventions 534.168 11 5.044 .080 5.9914 (2) 
Model 4B.5:  Saturated 528.328 14 5.84 .120 7.8147 (3) 
 ***p<.001      
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Model 4C contained the effect modification term weekend*nighttime admission 
with all the covariates including registered nursing hours by 24-hour shift, capacity for 
the entire day and the nurse to infant ratio for the day. This model is defined below. 
 
Model 4C: DEATH=WDA + NA + WDA*NA + BW + VENT + APGAR + SGA +  
  ANOMALY + RACE + GENDER + MULTIPLE + IND + TD + RNHR + 
  CAP + NIRDAY+ error 
 
Table 25 presents the results for research question 4C. The model selected, 4C.3 (see 
Table 26) is the same as the model selected for research question 3, Is there effect 
modification between day of admission and time of admission?, Model 3.3. 
 
Table 25         
Logistic Regression Model 4C for Effect Modification with Hospital-Level Covariates Included with 
with Death Before Discharge (n=1,837) 
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .205 .363 .321 1 1.228 .603 2.499 .571 
Nighttime Admission .211 .275 .590 1 1.235 .721 2.115 .442 
Weekend*Nighttime -.301 .498 .364 1 .740 .279 1.967 .546 
Birth Weight -.120 .019 40.489 1 .887 .855 .920 p<.001*** 
Infant on Ventilation 2.323 .327 50.556 1 10.203 5.378 19.354 p<.001*** 
APGAR < 7 1.187 .239 24.584 1 3.277 2.050 5.238 p<.001*** 
SGA .130 .294 .197 1 1.139 .641 2.026 .657 
Fetal Anomaly 2.668 .350 58.078 1 14.409 7.255 28.617 p<.001*** 
Non-Black Race .766 .267 8.238 1 2.150 1.275 3.627 .004* 
Male Infant .070 .229 .093 1 1.072 .684 1.681 .761 
Multiple Birth .217 .285 .582 1 1.242 .711 2.170 .445 
**p<.01; ***p<.001         
Model terms: weekend=1, nighttime=1,birth weight=100 gram increments, ventilation=1, APGAR=1, 
sga=1, anomaly=1, non-Black race=1, male=1, multiple=1. 
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The results presented in Table 26 show the results for each step of model entry 
with the Saturated Model, 4C.5, being the block where registered nursing hours for the 
day, capacity for the day and nurse to infant ratio for the day were entered. The addition 
of nursing and capacity covariates was not significant (χ2=2.169, p=.538; critical χ2 
=7.8147, df=3). Each of these covariates was also non-significant (Appendix O). 
 
Table 26      
-2 Log Likelihood Tests for Model 4C with Effect Modification with Hospital Level Covariates  
   Difference   
  Model in Log  Critical 
Model -2LL df Likelihoods Sig. Chi-Square (df) 
      
Model 4C.1: Exposures 899.248 3  .329  
Model 4C.2: Acuity 611.568 7 287.680 p<.001*** 9.4877(4) 
Model 4C.3: Infant Characteristics 538.819 11 72.749 p<.001*** 9.4877(4) 
Model 4C.4: OB Interventions 533.743 13 5.076 .079 5.9914 (2) 
Model 4C.5: Saturated 531.573 16 2.169 .538 7.8147 (3) 
 ***p<.001      
 
Summary of the Research 
The results presented in this section failed to support the association between 
weekend admission and nighttime admission to a NICU and subsequent higher risk of 
death prior to discharge. The multivariate analysis showed that the higher risk of death 
was associated with infant acuity and other characteristics such as birth weight, being on 
a ventilator, an Apgar score of less than 7 at 5 minutes, having an anomaly detected 
during the fetal period and race of non-Black. The additional of covariates related to 
nursing hours or NICU capacity did add explain the higher odds of death observed in the 
sample for the study. 
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Chapter Five: Discussion 
 
The purpose of this study was to investigate the time of admission to a Neonatal 
Intensive Care Unit (NICU) and its association with in-hospital mortality among a cohort 
of neonates at a regional perinatal center.  Two different time points were considered. 
The first time point was admission on the weekend versus the weekday. The second time 
point was admission during the nighttime shift versus the day shift. The secondary 
purpose of the study was to investigate if registered nurse staffing affected this 
association between NICU admission day or admission time and in-hospital death. 
 
Main Study Findings 
This section presents the main study findings as they relate to the research 
questions under investigation. Discussion begins with the exposure variables, weekend 
admission and nighttime admission, and their relationship with the outcome variable, 
death prior to discharge. The significant findings related to infant acuity and other 
characteristics are given. Then, the findings related to nurse staffing are provided. 
 
Association of Day or Time of NICU Admission with Mortality 
Neither admission to the NICU during the weekend nor during the nighttime shift 
was associated with an increased risk of dying prior to discharge from the hospital. The 
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descriptive analyses showed that infants who are admitted on the weekend or during the 
nighttime have a higher proportion of deaths (6.9% weekend versus 6.7% weekday; 7.9% 
nighttime versus 5.9% day). When weekend admissions were defined as Saturday or 
Sunday only, there was still no significant difference in mortality. Saturday and Sunday 
admissions had a lower proportion of deaths compared to weekday admissions (6.5% 
versus 6.9%; p=.762). This higher proportion of deaths for weekday admissions may 
indicate the influence of nighttime admissions since in this study Friday night after 7:00 
pm and Monday morning prior to 7:00 am were defined as nighttime admissions.  
However, multivariate analysis found that the odds ratio of dying if admitted on 
the weekend was non-significant (AOR=1.060, 95% CI=.653, 1.721) and if admitted 
during the nighttime was also non-significant (AOR=1.136, 95% CI=.772, 1.789). The 
addition of an effect modification term did not provide a significant association regarding 
admission by day or time and infant death (AOR=.740, 95% CI=.721, 2.115).  
Nighttime admissions had a significantly higher proportion of low birth weight 
infants (less than 2,500 grams) compared to day admissions (77.2% versus 68.2%, 
p=.040). The case mix of infants admitted during the nighttime could explain the 
difference in mortality. Multivariate models confirm that case mix is an underlying cause 
for the increased mortality during both the weekend and nighttime. Covariates related to 
infant acuity and infant characteristics were the only covariates to consistently remain 
significant regardless of the exposure being tested or the addition of other covariates. 
When variables related to infant’s acuity and other characteristics were entered into the 
model, the adjusted odds ratio for nighttime admissions decreased from 1.36 (95% 
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CI=943, 1.962) to 1.14 (95% CI=.722, 1.789). The adjusted odds ratio for weekend 
admissions remained relatively unchanged. 
Lee et. al. (2003) and Abdel-Latif et. al. (2006) used NICU data in their 
investigation of nighttime admissions and a higher odds of mortality. However, they 
limited the outcome to death within the first seven days after admission instead of the 
entire length of stay. They also included infants less than 32 weeks gestation since these 
infants were considered those most sensitive to the effects of patient care after admission. 
Lee found an increased odds of death of 60% (AOR=1.6, 95% CI=1.1, 2.3) if admitted at 
night. However, Abdel-Latif found no significant association with early neonatal death 
and nighttime admission to the NICU (AOR=1.07, 95% CI=.881, 1.30). 
The strongest association was found with the presence of a fetal anomaly. The 
AOR for a fetal anomaly ranged from 14.5 (95% CI=7.29, 28.75) to 14.6 (95% CI=7.35, 
29.04). An infant being on ventilation showed a ten-fold increased odds of dying that 
remained consistent in each model tested and with each exposure. An Apgar score of less 
than 7 at five minutes remained consistently strong in each model with an adjusted odds 
ratio of 3.4 (95% CI=2.11, 5.3) for weekend admissions and 3.3 (95% CI=2.05, 5.24).  
The other significant covariate was a non-Black race which had a consistent risk of dying 
two times higher than Black infants. Birth weight was a strong protective factor since it 
was measured as a continuous variable. For every 100 gram increase in birth weight, the 
odds of dying declined by 11%. 
 This is in agreement with the Clinical Risk Index for Babies (CRIB) and the 
SNAP (score for Neonatal Acute Physiology) risk-adjustment scoring systems. Both use 
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birth weight and Apgar score. Birth weight is used as a categorical variable and Apgar 
uses the same categories used in this study. The CRIB uses birth defects which are 
defined as none, not acutely life threatening and acutely life threatening. Congenital 
anomalies which are considered potential life threatening such as anencephaly, Trisomy 
18 and renal agenesis are excluded. SNAP does not use birth defects in its scoring system 
(Cockburn et al., 1993; Richardson et al., 2001). In this study anomalies were those 
detected during the fetal period and they were not identified regarding the type. 
The ROC comparison of Model FA and Model RA showed an AUC similar to that 
found with the CRIB and SNAP with an Area Under the Curve of .93. The CRIB had an 
AUC of .90-.92 in the study by Cockburn and colleagues (1993) and the SNAP had an 
AUC of .91 in the study by Richardson and colleagues (2001). Further analysis of the 
Model FA found when the covariate fetal anomaly was removed, the AUC was reduced to 
.908 (95% CI=.887, .929, SE=.011), when ventilation was removed the AUC was 
reduced to .896 (95% CI=.869, .924, SE=.014) and when both were removed the AUC 
was reduced to .850 (95% CI=.810, .890, SE=.020) (ROC curves found in Appendix P). 
The AUC for this study was higher than expected. However, both the presence of an 
anomaly and the use of ventilation proved to be strong predicators of the outcome. 
 
Association of Nurse Staffing 
Nurse staffing was not found in this study to have a significant relationship with 
the odds of dying prior to discharge. The adjusted odds ratio for nursing hours per day 
was .998 but was non-significant (p=.911). Since this study investigated the outcome of 
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death prior to discharge, nursing during the first 24 hours of admission may not have 
been as sensitive a measure. Of the 125 infants who died in this study, only 36 died 
within the first 24 hours of admission. The average time these infants remained in the 
NICU prior to death was 18.6 days. Measurement of nursing hours during the entire 
length of stay may have provided more information. 
The use of registered nursing hours by shift produced cases with leverage in the 
model and also a non-significant result for nursing variables in Model 4B.  The beta 
coefficient for registered nursing hours by shift produced a positive coefficient which was 
unexpected. It is possible that the use of daily census, as opposed to census by shift, may 
have influenced these results. To the extent that census does not fluctuate during the day, 
there should be no bias. To the extent that there are higher than normal admissions or 
discharges which occur throughout the day, daily census may not be a good measure 
when used with registered nursing hours by shift. Discharge time is not in the NICUD so 
census by shift could not be calculated. Additionally, the beginning census for the study 
was obtained by TGH and census is defined as bed count at midnight. 
The average number of admission per day in the NICU is 3.03 and the average 
number of discharges per day is 1.94. One-third of the admissions were above this mean 
and one-third of the discharges were above this mean. There were 36 infants who died 
within one day of admission. For these infants, 14 were admitted on days with above 
average number of admissions.   
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Limitations of the Study 
Sample Size 
The power analysis in Chapter 3 showed that with 3,500 admissions there was 
80% power to detect an odds ratio of 1.3 (95% confidence interval, tolerance of .8) given 
a rate of 3.8% for infant deaths. The sample size for the study was actually 1,846. The 
adjusted odds ratios in this study were 1.06 for weekend exposures and 1.14 for nighttime 
exposures. When the effect modification term was introduced, the adjusted odds ratios 
increased to 1.23 for weekend exposures and 1.24 for nighttime exposures.  
To re-evaluate the power analysis, a new analysis was computed for an infant 
death rate of 6.8% which was the observed rate in the study. Tolerance was then 
computed for both exposures. Tolerance is measured as 1-R2. Each exposure variable was 
entered into a least squares regression equation as the dependent variable with the other 
covariates as the independent variables (Tabachnick & Fidell, 2001). Tolerance for the 
weekend exposure variable was .951 and for the nighttime exposure variable was .637. 
Given the results of the revised power analysis, with the tolerance levels computed, a 
sample size of 12,631 would have been needed to detect an odds ratio of 1.10 with .951 
tolerance (weekend exposure) and 18,947 to detect an odds ratio of 1.10 with .637 
tolerance (nighttime exposure). For the higher odds ratios observed with the effect 
modification term, a sample size of 3,451 would have been needed for the odds ratio of 
1.228 with for weekend exposure and a sample size of 5,176 would have been needed to 
detect an odds ratio of 1.235. Therefore, statistical power to detect a significant 
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relationship between weekend and nighttime admissions and death prior to discharge at 
the observed odds ratios was lacking in this study. 
However, this study did have the statistical power to detect an odds ratio of 1.3 
for the weekend exposure variable and 1.4 for the nighttime exposure variable. Lee et. al. 
(2003) found an increased risk of 60% (AOR=1.6, 95% CI=1.2, 2.4) in their study of 
nighttime admissions to 17 NICUs in Canada. Other studies which investigated this 
association using linked vital statistics data also found odds ratios in the range of 1.28-
2.09 for nighttime births (Heller et al., 2000; Luo & Karlberg, 2001; Stephansson et al., 
2003), and 1.2 for weekend births (Hong et al., 2006). 
 
Study Setting 
Therefore, the lack of a statistically significant impact may be due to the type of 
NICU studied. TGH is one of eleven Regional Perinatal Intensive Care Centers in Florida 
and one of six which uses ECMO. It is a Level III NICU. Only University of South 
Florida board certified neonatologists are allowed to provide patient care in the unit. Lee 
and colleagues (2003) found that the presence of an in-house attending or fellow reduced 
the odds of dying at night in the NICU by 40% (AOR=0.6, 95% CI=0.4,0.9). Abdel-Latif 
et. al. (2006) did not find any significant association with nighttime admission to the 
NICU and neonatal death in their study after regionalization had occurred in Australia.  
TGH also received designation as a Magnet Hospital by the American Academy 
of Nursing. Aiken (2000) found that hospitals with this designation have a higher 
proportion of registered nurses with a Bachelor’s degree in Nursing and higher ratios of 
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nurses to patients. Given the study setting, the TGH NICU is staffed with very skilled 
nurses trained in providing neonatal care to high-risk infants. Numerous studies cited in 
the Literature Review showed the value of skilled nursing and appropriate nurse to 
patient ratios in reducing adverse events in the hospital. The lack of a significant finding 
related to nursing may be due to a lack of statistical power or the nursing definition used. 
 
Missing Data 
Infants who were transferred in did not have data available for the following 
covariates: Apgar score, multiple birth, induction, c-section and fetal anomaly. The 
exclusion of transfers affected sample size which affected statistical power, but the 
inclusion of 726 additional cases would not have sufficiently increased the power of this 
study. However, the unadjusted odds ratio did not show a statistically significant increase 
in mortality for transfers and transfers did not die at a significantly higher rate if admitted 
during the weekend, even though they were a higher risk cohort of infants. Therefore, it is 
not expected that their exclusion affected the study results. 
The data on fetal anomalies only indicated the presence or absence of an anomaly 
detected during the fetal period. The type of anomaly was unknown. Therefore, infants 
with anomalies with a high case fatality rate (anencephaly, renal agencies, Truism 13) 
could not be excluded from the study. CRIB which uses birth defects in its scoring 
system excludes infants with these anomalies. However, the multivariate models in the 
study should have controlled for the presence of life threatening anomalies. 
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Both CRIB and SNAP use physiological measures in their risk-adjustment scoring 
systems. These types of measure were not available for this study. However, the ROC 
analysis showed comparable results to both CRIB and SNAP. 
 
Nurse Staffing 
The staffing database contained information on scheduling only. Therefore, it was 
assumed that if a nurse was scheduled to work, that nurse came to work on that day and 
shift and worked the entire shift. To the extent that this did not happen, the coefficient in 
the models would overestimate the effects of nursing and potentially bias the results away 
from the null. If this were more likely to happen during the weekend or nighttime shifts, 
the misclassification bias would be non-random. Since the study design did not include 
review of personnel records, there is not way to know if this happened. However, the 
study did not find any significant association with nurse staffing patterns and therefore it 
is unlikely that any overestimation of the effect occurred.  
This study did average the effects of nursing over an entire shift or day and was 
unable to study actual nurse to patient ratios or actual workload per nurse. This could 
have biased the results toward the null and therefore failed to show an effect. Since the 
outcome variable under study was death prior to discharge, limiting the nursing variables 
to the first 12 to 24 hours under study would have not measured the impact of nursing 
over the entire course of stay. 
Nursing experience and years of education were important covariates in studies 
discussed in the Literature Review related to adverse events and nurse staffing. That data 
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was not collected for this study. The use of pool nurses or nurses from a non-critical care 
unit can also adversely affect patient outcomes. This information was also not available 
for this study. 
 
Physician Staffing 
Physician staffing could not be used for this study. The database which contained 
physician scheduling was missing 37% of the study time period. Given that Tampa 
General Hospital is a regional center, it is not expected that the exclusion of this 
information seriously biased the results of the study. TGH NICU is a closed unit with 
board certified neonatologists from USF College of Medicine providing physician care. 
As a teaching hospital, TGH also uses residents in the NICU. The TGH NICU is staffed 
with neonatologists 24 hours per day, seven days per week. Lee (2003) found in a 
multiple site study conducted in Canada of regional centers that the presence of an 
attending or fellow neonatologist in the NICU at night reduced mortality by 40%.  
Research which uses nurse or physician staffing is faced with many issues. First, 
it is often unknown, especially if secondary data are used, if those scheduled were 
actually in the unit for the time they were scheduled to be there. Second, the actual 
caseload of a nurse is often unknown and caseload in this study was an estimate based on 
the census and nursing hours in the unit. Third, the level of experience and education of 
nurses is often unknown and difficult to extract from secondary databases used for 
scheduling. For physicians staffing information, the year of residency or fellowship may 
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not be known. Physicians scheduled for the unit may be on-call and not in the unit during 
the time for which they are scheduled. 
 
Definition of Exposure Variables 
Studies in this area of investigation varied in how weekend or nighttime births or 
admissions were defined. Some studies included holidays with weekends, evaluated them 
separately or kept them on the day of the week they occurred. Studies defined weekend 
either as Saturday or Sunday or included Friday night and Monday morning.  
The two studies that looked specifically at NICU admissions and data, defined 
nighttime admissions differently. Day admissions were defined as 8:00 am to 6:00 pm 
and nighttime admissions were defined as 6:01 pm to 7:59 am in one study (Abdel-Latif 
et al., 2006) and daytime as 8:00 am to 5:00 pm and nighttime as 5:00 pm to 8:00 am in 
the other (Lee et al., 2003). The definition seems to depend on the hospital(s) under study 
and how they define the shifts.  
Additionally, much of the research used linked birth and infant death records and 
investigated the day or time of birth, while later research focused on the time of 
admission to the neonatal intensive care unit. A lack of consistency in definitions of 
weekend or nighttime admissions hinders the synthesis of this research into specific 
conclusions that can aid hospitals in staffing patterns and other interventions to reduce 
infant deaths. 
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Public Health Implications 
The infant mortality rate increased for the first time in four decades in 2002. The 
advances seen during the nineties with respect to reductions in infant mortality have 
stalled. These reductions have been associated with improvements in neonatal care (e.g. 
surfactants, mechanical ventilation) and reductions in Sudden Infant Death Syndrome 
(Sappenfield, 2007).  
Public health should not lose focus on the importance of the birth process, access 
to quality prenatal care and the hospital of delivery. This study agreed with other research 
which shows the concentrations of cesarean sections and inductions during the weekday 
are increasing. These deliveries peak on Friday and peak between the hours of 7 am to 8 
am (Goodman, Sappenfield, & Thompson, 2007), thereby potentially changing the case 
mix for NICU admissions on the weekend and at night.  
This study showed that delivery in an appropriate facility for high-risk infants 
enhances the chance for survival. It is important that public health programs monitor the 
system of high-risk obstetrical care in communities to ensure that women deliver at 
hospitals equipped with appropriately staffed neonatal intensive care units. Research in 
Florida has found that there is no significant racial disparity of infants who die within the 
first seven days of life and weigh at least 1,500 grams. This is attributable, in part, to the 
regional system of NICUs in Florida (L. Stanley, personnel community with J. Murphy, 
2003).  
During the past ten years, Florida has seen an increase of 45,000 in the number of 
live births. Surveillance of regional centers and Level III NICUs at private hospitals 
 114 
 
 
-  
should be maintained to evaluate if current capacity can absorb and can continue to 
absorb the subsequent increase in NICU admissions. The regionalization of NICU care 
has contributed to a reduction in infant deaths in the state. Policy makers and public 
health advocates need to ensure that funding for this system is adequately maintained and 
meets the critical need for NICU beds. 
Further, in Florida the rate of women delivering without prenatal care has been 
increasing since 2002.  This jeopardizes the ability to ensure that high-risk pregnant 
women are seen by appropriate maternal fetal medicine providers and deliver in Level III 
facilities. In 2006, there were 4,100 (1.9%) women in Florida who delivered without 
prenatal care compared to 1,859 (.9%) in 2002. Black women comprised 21% of all live 
births in Florida but represented over one-third of those women who delivered without 
prenatal care (Florida Department of Health, 2006). Many public health clinics are at 
capacity as more pregnant women find themselves without health insurance either due to 
employer-based coverage being eliminated or reduced, reductions in Medicaid or 
difficulty in obtaining Medicaid due to citizenship documentation required under the 
Deficit Reduction Act of 2005 (Stanley, 2006). Public health needs to monitor this issue 
and how lack of access to prenatal care will affect where women with high-risk 
pregnancies deliver and how those pregnancies are managed. 
Public health research and programming often focuses on individual level risk 
factors. In order to more fully understand infant mortality, research needs to address not 
only individual-level risk factors but also contextual-level variables and hospital-level 
variables and the interaction between the these three. Often, public health programs are 
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focused on changing individual level behaviors or risks without acknowledging, 
addressing or understanding how the context in which a woman lives or the health care 
system she is exposed to influences her reproductive choices, outcomes and behaviors.  
 
Future Research Implications 
This section discusses future research implications as they relate to this study’s 
findings. To the extent that the Tampa General Hospital’s NICUD would be used for 
other research projects, the mother’s medical record number in the NICUD would enable 
easier database linkage with the mother’s obstetrical record. Obstetrical data on transfers 
should also be collected to allow for research involving all neonates in the unit. 
Additional studies should evaluate if mortality by day or time of admission is different 
for infants at less than 32 weeks gestation or different for deaths within the first week of 
life. This study also found that for Black women, they were more likely to deliver during 
the weekend. The underlying reasons for this finding are important to investigate. The 
use of cesarean sections and inductions during the week and how those influence case 
mix of NICU admissions during the weekend and night should also be monitored.  
In order to adequately answer the questions regarding admission day or time and 
it association with infant mortality, studies need to include more than one site and type of 
hospital. A multi-site study would allow the researcher to investigate different staffing 
patterns of both physician and nurses and different types of hospitals while controlling 
for the influence of case mix. For instance, teaching hospitals could be compared to non-
teaching hospitals, those with 24 hour physician coverage could be compared with those 
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without that type of coverage, hospitals with magnet designation could be compared to 
those hospitals without that status.  
A sufficiently large sample size would be needed to detect a small odds ratio 
while controlling for acuity and the effects of hospital type and staffing. The number 
needed to detect an odds ratio in this study would have been costly. With approximately 
200,000 births in Florida, approximately 15% needing NICU care and the exclusionary 
criteria in this study, an estimated one to two years of NICU admissions for the state 
would be needed to detect a significant association of the level observed. 
Both nurse and physician staffing should account for factors other than scheduled 
time in the unit. Years of experience and training are important factors in provision of 
patient care. Actual workload for nurses is a more sensitive measure than average census 
for the day. Since the research question concerned admission day or time and subsequent 
death, future studies, if there is a large enough sample size, should limit death to the first 
24 hours to one week of admission and limit nursing and physician staffing to the time 
period related to that admission. If death is extended to time before discharge, then nurse 
and physician staffing should cover the time in the unit.  
Cost-effectiveness analysis is needed to determine how an increase of one 
registered nurse per shift affects a decrease of neonatal deaths and by what amount. The 
cost of adding one nurse per shift over the number of shifts in the course of a year could 
add into the hundred of thousands of dollars. Hospitals need to understand the benefit in 
order to make an informed decision regarding registered nurse staffing. 
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In conclusions, public health research needs to continue multiple avenues of 
investigation in order to better understand the underlying issues associated with infant 
mortality. These investigations should involve the study of individual-level risks, 
contextual level factors and hospital-level factors and the interaction among each of 
them.
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Appendix C: T-Test Results for Linked Births with Unlinked Births 
 
Table C1      
T-Test Results for NICU Births Linked to OOIS with NICU Births Not Linked to OOISa (N=1905) 
      
 
NICU Births 
Linked 
NICU Births 
Unlinked t SE p 
  (n=1846) (n=59)    
Mean Birth Weight in Grams 2090.55 2439.76 -2.77 126.02 .006** 
Mean Gestation in Weeks 33.32 34.86 -2.65 .58 .008** 
Mean Ventilator Days 3.45 2.51 .47 1.99 .639 
aThe following covariates are found in the OOIS and are therefore excluded from this table:  
multiple birth, APGAR score, delivery type, induction, fetal anomaly.   
**p<.01      
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Appendix D: T-Test Results for NICU Admissions with Newborn Nursery Admissions 
 
Table  D1 
T-Test Results of Infants Admitted to NICU First with Infants Admitted to Newborn Nursery 
First (N=2683) 
      
 NICU Newborn t SE p 
  (n=1846) (n=837)       
Mean Birth Weight in Grams 2090.550 3144.000 -33.62 31.33 p<.001*** 
Mean Gestation in Weeks 33.320 38.200 -39.80 .120 p<.001*** 
Mean APGAR Score 7.910 8.790 -20.50 .040 p<.001*** 
Mean Ventilator Days 3.450 .120 -15.60 .060 p<.001*** 
 ***p<.001      
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Appendix E: Descriptive Statistics, Weekend to Weekday Admissions 
 
Table E1       
Descriptive Statistics for Weekend Admissions Compared to Weekday Admissions (n=1846)   
       
  Mean SD Min Max Kurtosis Skew 
Weekend Admissions (n=547) 
       
Birth Weight in Grams 2053.07 928.76 385.00 4970.00 -.297 .476 
Gestation in Weeks 33.09 4.46 22.00 42.00 -.425 -.299 
APGAR Score 7.86 1.59 1.00 10.00 3.430 -1.81 
Days on Ventilation 3.26 12.37 0.00 162.00 68.400 7.16 
Number of RNs/Day 54.87 9.63 17.50 75.00 -.246 -.353 
Number of RN Hrs/Day 331.95 58.66 23.50 469.00 -.225 -.336 
Census/Day 46.14 6.65 22.00 61.00 .401 -.317 
RN:Infant Ratio/Day 1.19 .104 .84 1.56 -.195 -.085 
Capacity/Day 1.098 .158 .524 1.45 .401 -.317 
Weekday Admissions (n=1299) 
       
Birth Weight 2106.33 960.28 378.00 5100.00 -.240 .526 
Gestation 33.42 4.35 22.00 43.00 -.447 -.319 
APGAR Score 7.93 1.61 0.00 10.00 5.990 -2.26 
Days on Ventilation 3.52 16.33 0.00 267.00 114.020 9.26 
Number of RNs/Day 56.25 10.72 24.00 84.00 -.231 -.363 
Number of RN Hrs/Day 341.99 65.83 145.00 519.00 -.219 -.345 
Census/Day 46.32 6.85 16.00 63.00 .879 -.549 
RN:Infant Ratio/Day 1.21 .117 .89 1.66 .200 .123 
Capacity/Day 1.102 .163 .381 1.50 .879 -.549 
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Appendix F: Descriptive Statistics, Nighttime to Day Admissions 
 
Table F1       
Descriptive Statistics  for Nighttime Admissions Compared to Day Admissions (n=1846)   
       
  Mean SD Min Max Kurtosis Skew 
Nighttime Admissions (n=798) 
       
Birth Weight in Grams 2028.910 916.720 380.000 5100.000 -.250 .507 
Gestation in Weeks 33.040 4.520 23.000 42.000 -.516 -.272 
APGAR Score 7.740 1.750 0.000 10.000 3.700 -1.860 
Days on Ventilation 3.700 14.620 0.000 165.000 57.400 6.850 
Number of RNs 27.540 5.250 10.500 43.500 -.259 -.272 
Number of RN Hours 163.500 31.220 62.000 258.000 -.238 -.252 
Census 46.290 6.680 16.000 61.000 .686 -.439 
RN:Infant Ratio .593 .064 .390 .850 .420 .130 
Capacity 1.102 .158 .381 1.450 .686 -.44 
Day Admissions (n=1048) 
       
Birth Weight 2137.480 974.300 378.000 4980.000 -.280 .505 
Gestation 33.530 4.270 22.000 43.000 -.381 -.3438 
APGAR Score 8.050 1.470 0.000 10.000 6.700 -2.370 
Days on Ventilation 3.250 15.730 0.000 267.000 145.900 10.480 
Number of RNs 29.160 5.680 11.500 45.000 -.119 -.32 
Number of RN Hours 175.200 34.330 70.000 270.000 -.118 -.298 
Census 46.250 6.880 16.000 63.000 .781 .513 
RN:Infant Ratio .628 .060 .410 .840 .341 .064 
Capacity 1.101 .16 .381 1.500 .781 -.51 
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Appendix G: Logistic Regression for Model 1 
 
Table G1         
Complete Logistic Regression Models for Weekend Exposure with Death Before Discharge (n=1837) 
         
Block 1.1: Weekend Exposure        
Confidence Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .027 .204 .017 1 1.027 .689 1.531 .895 
         
-2 Log Likelihood=902.668; χ2=.017, df=1, p=.896           
         
Block 1.2: Weekend Exposure + Acuity       
Confidence Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .000 .231 .000 1 1.000 .635 1.573 .999 
Birth Weight -.052 .014 14.268 1 .949 .924 .975 p<.001*** 
Infant on Ventilation 2.629 .321 66.904 1 13.859 7.382 26.021 p<.001*** 
APGAR < 7 1.231 .223 30.347 1 3.424 2.210 5.305 p<.001*** 
SGA .576 .272 4.501 1 1.779 1.045 3.030 .034* 
         
-2 Log Likelihood=612.022; χ2=290.646, df=4, p=<.001  
         
Block 1.3: Weekend Exposure + Acuity + Infant Characteristics    
Confidence Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .058 .247 .055 1 1.060 .653 1.721 .814 
Birth Weight -.120 .019 40.569 1 .887 .855 .920 p<.001*** 
Infant on Ventilation 2.316 .326 50.574 1 10.134 5.353 19.186 p<.001*** 
APGAR < 7 1.208 .236 26.110 1 3.347 2.106 5.319 p<.001*** 
SGA .109 .291 .141 1 1.115 .630 1.973 .708 
Fetal Anomaly 2.672 .350 58.255 1 14.474 7.287 28.750 p<.001*** 
Non-Black Race .762 .265 8.236 1 2.142 1.273 3.604 .004** 
Male Infant .063 .229 .075 1 1.065 .680 1.668 .784 
Multiple Birth .205 .283 .526 1 1.228 .705 2.139 .468 
    
-2 Log Likelihood=539.460; χ2=72.562, df=4, p=<.001  
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Appendix G: Logistic Regression for Model 1 (continued) 
 
Block 1.4: Weekend Exposure + Acuity + Infant Characteristics+ OB Interventions  
Confidence Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .079 .248 .102 1 1.083 .665 1.762 .749 
Birth Weight -.117 .019 38.737 1 .889 .857 .923 p<.001*** 
Infant on Ventilation 2.403 .331 52.677 1 11.054 5.777 21.151 p<.001*** 
APGAR < 7 1.213 .238 26.007 1 3.364 2.111 5.363 p<.001*** 
SGA .286 .302 .896 1 1.331 .736 2.407 .344 
Fetal Anomaly 2.669 .350 58.151 1 14.428 7.265 28.652 p<.001*** 
Non-Black Race .755 .267 7.994 1 2.127 1.261 3.590 p<.001*** 
Male Infant .047 .231 .041 1 1.048 .667 1.647 .839 
Multiple Birth .281 .290 .939 1 1.325 .750 2.339 .332 
Induction -.911 .623 2.141 1 .402 .119 1.363 .143 
Cesarean Section -.484 .251 3.721 1 .617 .377 1.008 .054 
    
-2 Log Likelihood=534.190; χ2=5.270, df=2, p=.072           
**p<.01; ***p<.001         
Model terms: weekend=1, birth weight=100 gram increments, ventilation=1, APGAR=1, sga=1, 
anomaly=1, non-Black race=1, male=1, multiple=1, induction=1, c-section=1. 
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Appendix H: Logistic Regression for Reduced-Risk Model 
 
Table H1         
Complete Logistic Regression Model for Weekend Exposure with Death Before Discharge Death Before 
Discharge, Reduced Risk Model (n=1837)  
         
Block RA.1: Weekend Exposure 
Confidence Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .027 .204 .017 1 1.027 .689 1.531 .895 
         
-2 Log Likelihood=902.668; χ2=.017, df=1, p=.896           
         
Block RA.2: Weekend Exposure + 
Acuity       
Confidence Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .038 .225 .029 1 1.039 .669 1.614 .865 
Birth Weight .000 .000 11.613 1 1.000 .999 1.000 .001** 
Infant on Ventilation 3.060 .310 97.461 1 21.330 11.618 39.160 p<.001*** 
SGA .509 .263 3.729 1 1.663 .992 2.788 .053 
         
-2 Log Likelihood=612.022; χ2=290.646, df=4, p=<.001         
         
Block RA.3: Weekend Exposure + Acuity + Infant Characteristics    
Confidence Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .083 .227 .133 1 1.086 .696 1.694 .715 
Birth Weight -.001 .000 13.765 1 .999 .999 1.000 p<.001*** 
Infant on Ventilation 3.047 .310 96.489 1 21.062 11.466 38.688 p<.001*** 
SGA .454 .266 2.917 1 1.575 .935 2.653 .088 
Non-Black Race .645 .241 7.135 1 1.906 1.187 3.060 .008 
Male Infant .022 .210 .011 1 1.023 .678 1.543 .915 
         
-2 Log Likelihood=539.460; χ2=72.562, df=4, p=<.001         
**p<.01; ***p<.001         
Model terms: weekend=1, birth weight=100 gram increments, ventilation=1, sga=1, non-Black race=1, 
male=1. 
 
Appendix I: Receiver Operating Characteristic Curves for ModelFA and ModelRA 
1 - Specificity
1.00.80.60.40.20.0
Se
ns
iti
vi
ty
1.0
0.8
0.6
0.4
0.2
0.0
ROC Curve
Diagonal segments are produced by ties.
 
Figure 1: ROC for Full Risk Adjustment Model 
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Appendix I: Receiver Operating Characteristic Curves for ModelFA and ModelRA 
(continued) 
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Figure 2: ROC for Reduced Risk Adjustment Model 
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Appendix J: T-Test Results for In-Born and Transfers 
 
Table J1      
T-Test Results of In-Born NICU Admissions with Transfer NICU Admissionsa (N=2572)  
      
 In-Born Transfers t SE p 
  (n=1846) (n=726)       
Mean Birth Weight in Grams 2090.55 2411.72 -7.04 45.63  p<.001*** 
Mean Gestation in Weeks 33.32 34.41 -4.99 .220 p<.001*** 
Mean Ventilator Days 3.45 4.40 -1.41 .680 .159 
aThe following covariates are found in the OOIS and are therefore excluded from this table:  
multiple birth, APGAR score, delivery type, induction, fetal anomaly. 
 ***p<.001      
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Appendix K: Logistic Regression for Model 2 
 
Table K1         
Complete Logistic Regression Models for Nighttime Exposure with Death Before Discharge (n=1837) 
         
Block 2.1: Nighttime Exposure        
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Nighttime Admission .308 .187 2.712 1 1.360 .943 1.962 .100 
         
-2 Log Likelihood=899.980; χ2=2.706, df=1, p=.100           
         
Block 2. 2: Nighttime Exposure + Acuity       
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Nighttime Admission .081 .218 .138 1 1.084 .708 1.661 .710 
Birth Weight -.052 .014 13.919 1 .949 .924 .976 p<.001*** 
Infant on Ventilation 2.637 .322 66.863 1 13.970 7.425 26.285 p<.001*** 
APGAR < 7 1.217 .226 28.870 1 3.376 2.166 5.262 p<.001*** 
SGA .589 .274 4.631 1 1.802 1.054 3.080 .031 
         
-2 Log Likelihood=611.884; χ2=288.096, df=4, p=<.001  
         
Block 2.3: Nighttime Exposure + Acuity + Infant Characteristics    
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Nighttime Admission .128 .232 .304 1 1.136 .722 1.789 .582 
Birth Weight -.120 .019 40.152 1 .887 .855 .921 p<.001*** 
Infant on Ventilation 2.323 .326 50.622 1 10.203 5.381 19.347 p<.001*** 
APGAR < 7 1.188 .239 24.639 1 3.279 2.052 5.241 p<.001*** 
SGA .127 .293 .188 1 1.136 .639 2.018 .665 
Fetal Anomaly 2.681 .351 58.474 1 14.603 7.345 29.035 p<.001*** 
Non-Black Race .751 .265 8.025 1 2.120 1.260 3.565 .005** 
Male Infant .064 .229 .078 1 1.066 .681 1.670 .780 
Multiple Birth .214 .284 .570 1 1.239 .710 2.162 .450 
         
-2 Log Likelihood=539.212; χ2=72.672, df=4, p=<.001 
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Appendix K: Logistic Regression for Model 2 (continued) 
 
Block 2.4: Nighttime Exposure + Acuity + Infant Characteristics+ OB Interventions  
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Nighttime Admission .083 .234 .124 1 1.086 .686 1.718 .725 
Birth Weight -.117 .019 38.487 1 .889 .857 .923 p<.001*** 
Infant on Ventilation 2.401 .331 52.629 1 11.038 5.769 21.117 p<.001*** 
APGAR < 7 1.200 .241 24.862 1 3.319 2.071 5.320 p<.001*** 
SGA .291 .303 .919 1 1.337 .738 2.423 .338 
Fetal Anomaly 2.676 .351 58.233 1 14.533 7.308 28.900 p<.001*** 
Non-Black Race .748 .267 7.856 1 2.112 1.252 3.563 .005** 
Male Infant .049 .230 .045 1 1.050 .669 1.650 .831 
Multiple Birth .283 .290 .948 1 1.327 .751 2.343 .330 
Induction -.906 .621 2.124 1 .404 .120 1.367 .145 
Cesarean Section -.470 .252 3.468 1 .625 .381 1.025 .063 
         
-2 Log Likelihood=534.168; χ2=5.044, df=2, p=.080           
**p<.01; ***p<.001         
Model terms: nighttime=1, birth weight=100 gram increments, ventilation=1, APGAR=1, sga=1, 
anomaly=1, non-Black race=1, male=1, multiple=1, induction=1, c-section=1. 
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Appendix L: Logistic Regression for Model 3 
 
Table L1         
Complete Logistic Regression Model 3 for Effect Modification with Death Before Discharge (n=1837) 
         
Block 3.1:  Weekend + Nighttime + Weekend*Nighttime     
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .166 .301 .306 1 .580 1.181 .655 2.129 
Nighttime Admission .414 .224 3.422 1 .064 1.513 .976 2.347 
Weekend*Nighttime -.349 .410 .722 1 .395 .706 .316 1.577 
         
-2 Log Likelihood=899.248; ; χ2=3.438, df=3, p=.329           
         
Block 3.2:  Weekend + Nighttime + Weekend*Nighttime + Acuity    
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .129 .337 .146 1 1.137 .588 2.202 .702 
Nighttime Admission .161 .260 .384 1 1.175 .705 1.958 .535 
Weekend*Nighttime -.262 .466 .315 1 .770 .309 1.918 .574 
Birth Weight -.053 .014 14.161 1 .949 .923 .975 p<.001*** 
Infant on Ventilation 2.633 .322 66.755 1 13.916 7.399 26.171 p<.001*** 
APGAR < 7 1.212 .227 28.619 1 3.361 2.155 5.239 p<.001*** 
SGA .587 .274 4.609 1 1.799 1.052 3.075 .032* 
         
-2 Log Likelihood=611.568; ; χ2=287.680, df=4, p=<.001  
         
Block 3.3: Weekend + Nighttime + Weekend*Nighttime + Acuity + Infant Characteristics  
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .205 .363 .321 1 1.228 .603 2.499 .571 
Nighttime Admission .211 .275 .590 1 1.235 .721 2.115 .442 
Weekend*Nighttime -.301 .498 .364 1 .740 .279 1.967 .546 
Birth Weight -.120 .019 40.489 1 .887 .855 .920 p<.001*** 
Infant on Ventilation 2.323 .327 50.556 1 10.203 5.378 19.354 p<.001*** 
APGAR < 7 1.187 .239 24.584 1 3.277 2.050 5.238 p<.001*** 
SGA .130 .294 .197 1 1.139 .641 2.026 .657 
Fetal Anomaly 2.668 .350 58.078 1 14.409 7.255 28.617 p<.001*** 
Non-Black Race .766 .267 8.238 1 2.150 1.275 3.627 .004** 
Male Infant .070 .229 .093 1 1.072 .684 1.681 .761 
Multiple Birth .217 .285 .582 1 1.242 .711 2.170 .445 
-2 Log Likelihood=538.819; ; χ2=72.749, df=4, p=<.001  
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Appendix L: Logistic Regression for Model 3 (continued) 
 
Block 3.4:  Weekend + Nighttime + Weekend*Nighttime + Acuity + Infant Characteristics.+ OB 
Interventions 
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .228 .363 .395 1 1.256 .617 2.558 .530 
Nighttime Admission .163 .278 .342 1 1.177 .682 2.030 .559 
Weekend*Nighttime -.295 .501 .347 1 .744 .279 1.988 .556 
Birth Weight -.117 .019 38.765 1 .889 .857 .923 p<.001*** 
Infant on Ventilation 2.404 .332 52.582 1 11.071 5.780 21.204 p<.001*** 
APGAR < 7 1.200 .241 24.841 1 3.319 2.071 5.321 p<.001*** 
SGA .297 .304 .958 1 1.346 .742 2.442 .328 
Fetal Anomaly 2.662 .350 57.841 1 14.320 7.212 28.435 p<.001*** 
Non-Black Race .764 .268 8.099 1 2.146 1.268 3.632 .004* 
Male Infant .054 .231 .054 1 1.055 .671 1.660 .815 
Multiple Birth .284 .291 .952 1 1.328 .751 2.347 .329 
Induction -.923 .623 2.190 1 .397 .117 1.349 .139 
Cesarean Section -.468 .253 3.436 1 .626 .381 1.027 .064 
         
-2 Log Likelihood=533.743; ; χ2=5.076, df=2, p=.079 
  
**p<.01; ***p<.001         
Model terms: weekend=1, nighttime=1, birth weight=100 gram increments, ventilation=1, APGAR=1, 
sga=1, anomaly=1, non-Black race=1, male=1, multiple=1, induction=1, c-section=1. 
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Appendix M: Logistic Regression for Model 4A 
 
Table M1         
Complete Logistic Regression Models 4A for Weekend Exposure with Hospital-Level Covariates  
Included with Death Before Discharge (n=1837)  
         
Block 4A.1: Weekend Exposure 
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .027 .204 .017 1 1.027 .689 1.531 .895 
         
-2 Log Likelihood=902.668; χ2 =.017, df=1, p=.896  
         
Block 4A2: Weekend Exposure + Acuity       
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .000 .231 .000 1 1.000 .635 1.573 .999 
Birth Weight -.052 .014 14.268 1 .949 .924 .975 p<.001*** 
Infant on Ventilation 2.629 .321 66.904 1 13.859 7.382 26.021 p<.001*** 
APGAR < 7 1.231 .223 30.347 1 3.424 2.210 5.305 p<.001*** 
SGA .576 .272 4.501 1 1.779 1.045 3.030 .034* 
         
-2 Log Likelihood=612.022; χ2=290.646, df=4, p=<.001         
         
Block 4A.3: Weekend Exposure + Acuity + Infant Characteristics    
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .058 .247 .055 1 1.060 .653 1.721 .814 
Birth Weight -.120 .019 40.569 1 .887 .855 .920 p<.001*** 
Infant on Ventilation 2.316 .326 50.574 1 10.134 5.353 19.186 p<.001*** 
APGAR < 7 1.208 .236 26.110 1 3.347 2.106 5.319 p<.001*** 
SGA .109 .291 .141 1 1.115 .630 1.973 .708 
Fetal Anomaly 2.672 .350 58.255 1 14.474 7.287 28.750 p<.001*** 
Non-Black Race .762 .265 8.236 1 2.142 1.273 3.604 .004** 
Male Infant .063 .229 .075 1 1.065 .680 1.668 .784 
Multiple Birth .205 .283 .526 1 1.228 .705 2.139 .468 
         
-2 Log Likelihood=539.460; χ2=72.562, df=4, p=<.001  
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Appendix M: Logistic Regression for Model 4A (continued) 
 
Block 4A.4: Weekend Exposure + Acuity + Infant Characteristics+ OB Interventions  
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .079 .248 .102 1 1.083 .665 1.762 .749 
Birth Weight -.117 .019 38.737 1 .889 .857 .923 p<.001*** 
Infant on Ventilation 2.403 .331 52.677 1 11.054 5.777 21.151 p<.001*** 
APGAR < 7 1.213 .238 26.007 1 3.364 2.111 5.363 p<.001*** 
SGA .286 .302 .896 1 1.331 .736 2.407 .344 
Fetal Anomaly 2.669 .350 58.151 1 14.428 7.265 28.652 p<.001*** 
Non-Black Race .755 .267 7.994 1 2.127 1.261 3.590 .005** 
Male Infant .047 .231 .041 1 1.048 .667 1.647 .839 
Multiple Birth .281 .290 .939 1 1.325 .750 2.339 .332 
Induction -.911 .623 2.141 1 .402 .119 1.363 .143 
Cesarean Section -.484 .251 3.721 1 .617 .377 1.008 .054 
         
-2 Log Likelihood=534.190; χ2 =5.270, df=2, p=.072  
 
Block 4A.5: Weekend Exposure + Acuity + Infant Characteristics+ OB Interventions + Hospital 
Variables  
Confidence Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .066 .251 .068 1 1.068 .652 1.748 .794 
Birth Weight -.116 .019 38.067 1 .890 .858 .924 p<.001*** 
Infant on Ventilation 2.412 .333 52.634 1 11.160 5.816 21.415 p<.001*** 
APGAR < 7 1.208 .239 25.611 1 3.346 2.096 5.342 p<.001*** 
SGA .276 .304 .827 1 1.318 .727 2.390 .363 
Fetal Anomaly 2.671 .351 57.997 1 14.453 7.268 28.740 p<.001*** 
Non-Black Race .760 .268 8.055 1 2.139 1.265 3.615 .005 
Male Infant .064 .233 .075 1 1.066 .675 1.682 .784 
Multiple Birth .288 .292 .970 1 1.334 .752 2.366 .325 
Induction -.903 .627 2.075 1 .405 .119 1.385 .150 
Cesarean Section -.445 .254 3.076 1 .641 .389 1.054 .079 
RN Hours/Day -.002 .014 .013 1 .998 .971 1.027 .911 
Capacity .243 4.414 .003 1 1.276 .000 7287.434 .956 
Nurse:Infant Ratio -1.000 3.775 .070 1 .368 .000 600.899 .791 
         
-2 Log Likelihood=531.848; χ2 =2.342, df=3, p=.504  
**p<.01; ***p<.001         
Model terms: weekend=1, birth weight=100 gram increments, ventilation=1, APGAR=1, sga=1, 
anomaly=1, non-Black race=1, male=1, multiple=1, induction=1, c-section=1, RN hours=hours per 24 hour 
day, capacity=census/42, N:I ration=#RN per 24 hour day/census per day. 
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Appendix N: Logistic Regression for Model 4B 
 
Table N1         
Complete Logistic Regression Models 4B  for Nighttime Exposure with Hospital-Level Covariates 
included with Death Before Discharge (n=1837)  
         
Block 4B.1: Nighttime Exposure 
Confidence Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Nighttime Admission .308 .187 2.712 1 1.360 .943 1.962 .100 
         
-2 Log Likelihood=899.980; χ2 =2.706, df=1, p=.100 
  
         
Block 4B.2: Nighttime Exposure + Acuity 
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Nighttime Admission .081 .218 .138 1 1.084 .708 1.661 .710 
Birth Weight -.052 .014 13.919 1 .949 .924 .976 p<.001*** 
Infant on Ventilation 2.637 .322 66.863 1 13.970 7.425 26.285 p<.001*** 
APGAR < 7 1.217 .226 28.870 1 3.376 2.166 5.262 p<.001*** 
SGA .589 .274 4.631 1 1.802 1.054 3.080 .031* 
         
-2 Log Likelihood=611.884; χ2 =288.096, df=4, p=<.001         
Block 4B. 3: Nighttime Exposure + Acuity + Infant Characteristics    
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Nighttime Admission .128 .232 .304 1 1.136 .722 1.789 .582 
Birth Weight -.120 .019 40.152 1 .887 .855 .921 p<.001*** 
Infant on Ventilation 2.323 .326 50.622 1 10.203 5.381 19.347 p<.001*** 
APGAR < 7 1.188 .239 24.639 1 3.279 2.052 5.241 p<.001*** 
SGA .127 .293 .188 1 1.136 .639 2.018 .665 
Fetal Anomaly 2.681 .351 58.474 1 14.603 7.345 29.035 p<.001*** 
Non-Black Race .751 .265 8.025 1 2.120 1.260 3.565 .005** 
Male Infant .064 .229 .078 1 1.066 .681 1.670 .780 
Multiple Birth .214 .284 .570 1 1.239 .710 2.162 .450 
         
-2 Log Likelihood=539.212; ; χ2 =72.672, df=4, p=<.001 
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Appendix N: Logistic Regression for Model 4B (continued) 
 
Block 4B.4: Nighttime Exposure + Acuity + Infant Characteristics+ OB Interventions  
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Nighttime Admission .083 .234 .124 1 1.086 .686 1.718 .725 
Birth Weight -.117 .019 38.487 1 .889 .857 .923 p<.001*** 
Infant on Ventilation 2.401 .331 52.629 1 11.038 5.769 21.117 p<.001*** 
APGAR < 7  1.200 .241 24.862 1 3.319 2.071 5.320 p<.001*** 
SGA .291 .303 .919 1 1.337 .738 2.423 .338 
Fetal Anomaly 2.676 .351 58.233 1 14.533 7.308 28.900 p<.001*** 
Non-Black Race .748 .267 7.856 1 2.112 1.252 3.563 .005** 
Male Infant .049 .230 .045 1 1.050 .669 1.650 .831 
Multiple Birth .283 .290 .948 1 1.327 .751 2.343 .330 
Induction -.906 .621 2.124 1 .404 .120 1.367 .145 
Cesarian Section -.470 .252 3.468 1 .625 .381 1.025 .063 
         
-2 Log Likelihood=534.168; χ2=5.044, df=2, p=.080 
         
Block 4B.5: Weekend Exposure + Acuity + Infant Characteristics+ OB Interventions + Hospital 
Variables 
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Nighttime Admission .064 .252 .064 1 1.066 .650 1.748 .800 
Birth Weight -.119 .019 38.799 1 .888 .855 .922 p<.001*** 
Infant on Ventilation 2.431 .332 53.661 1 11.365 5.931 21.777 p<.001*** 
APGAR < 7 1.181 .243 23.679 1 3.257 2.024 5.241 p<.001*** 
SGA .280 .304 .850 1 1.323 .729 2.401 .357 
Fetal Anomaly 2.734 .354 59.538 1 15.392 7.686 30.823 p<.001*** 
Non-Black Race .767 .268 8.165 1 2.153 1.272 3.644 .004** 
Male Infant .051 .233 .048 1 1.052 .667 1.661 .827 
Multiple Birth .300 .292 1.054 1 1.349 .762 2.391 .305 
Induction -.951 .634 2.250 1 .386 .111 1.338 .134 
Cesarian Section -.478 .257 3.444 1 .620 .375 1.027 .063 
RN Hours/Shift .048 .029 2.693 1 1.049 .991 1.111 .101 
Capacity -7.457 4.453 2.805 1 .001 .000 3.561 .094 
Nurse:Infant Ratio -15.264 8.043 3.602 1 .000 .000 1.647 .058 
         
-2 Log Likelihood=529.025; χ2=5.143, df=3, p=.162  
**p<.01; ***p<.001         
 
Model terms: weekend=1, birth weight=100 gram increments, ventilation=1, APGAR=1, sga=1, 
anomaly=1, non-Black race=1, male=1, multiple=1, induction=1, c-section=1, RN hours=hours per 12 hour 
shift, capacity=census/42, N:I ration=#RN per 12 hour shift/census per day. 
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Appendix O: Logistic Regression Model for 4C 
 
Table O1         
Complete Logistic Regression Model 4C for Effect Modification with Hospital-Level Covariates with 
Death Before Discharge (n=1837) 
         
Block 4C.1:  Weekend + Nighttime + Weekend*Nighttime     
Confidence Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .166 .301 .306 1 .580 1.181 .655 2.129 
Nighttime Admission .414 .224 3.422 1 .064 1.513 .976 2.347 
Weekend*Nighttime -.349 .410 .722 1 .395 .706 .316 1.577 
         
-2 Log Likelihood=899.248; χ2=3.438, df=3, p=.329  
         
Block 4C. 2:  Weekend + Nighttime + Weekend*Nighttime + Acuity    
Confidence Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .129 .337 .146 1 1.137 .588 2.202 .702 
Nighttime Admission .161 .260 .384 1 1.175 .705 1.958 .535 
Weekend*Nighttime -.262 .466 .315 1 .770 .309 1.918 .574 
Birth Weight -.053 .014 14.161 1 .949 .923 .975 p<.001*** 
Infant on Ventilation 2.633 .322 66.755 1 13.916 7.399 26.171 p<.001*** 
APGAR < 7 1.212 .227 28.619 1 3.361 2.155 5.239 p<.001*** 
SGA .587 .274 4.609 1 1.799 1.052 3.075 .032* 
         
-2 Log Likelihood=611.568; χ2=287.680, df=4, p=<.001  
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Appendix O: Logistic Regression Model for 4C (continued) 
 
Block 4C.3: Weekend + Nighttime + Weekend*Nighttime + Acuity + Infant Characteristics 
Confidence Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .205 .363 .321 1 1.228 .603 2.499 .571 
Nighttime Admission .211 .275 .590 1 1.235 .721 2.115 .442 
Weekend*Nighttime -.301 .498 .364 1 .740 .279 1.967 .546 
Birth Weight -.120 .019 40.489 1 .887 .855 .920 p<.001*** 
Infant on Ventilation 2.323 .327 50.556 1 10.203 5.378 19.354 p<.001*** 
APGAR < 7 1.187 .239 24.584 1 3.277 2.050 5.238 p<.001*** 
SGA .130 .294 .197 1 1.139 .641 2.026 .657 
Fetal Anomaly 2.668 .350 58.078 1 14.409 7.255 28.617 p<.001*** 
Non-Black Race .766 .267 8.238 1 2.150 1.275 3.627 .004** 
Male Infant .070 .229 .093 1 1.072 .684 1.681 .761 
Multiple Birth .217 .285 .582 1 1.242 .711 2.170 .445 
         
-2 Log Likelihood=538.819; χ2=72.749, df=4, p=<.001  
         
Block 4C.4:  Weekend + Nighttime + Weekend*Nighttime + Acuity + Infant Characteristics + OB 
Interventions 
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .228 .363 .395 1 1.256 .617 2.558 .530 
Nighttime Admission .163 .278 .342 1 1.177 .682 2.030 .559 
Weekend*Nighttime -.295 .501 .347 1 .744 .279 1.988 .556 
Birth Weight -.117 .019 38.765 1 .889 .857 .923 p<.001*** 
Infant on Ventilation 2.404 .332 52.582 1 11.071 5.780 21.204 p<.001*** 
APGAR < 7 1.200 .241 24.841 1 3.319 2.071 5.321 p<.001*** 
SGA .297 .304 .958 1 1.346 .742 2.442 .328 
Fetal Anomaly 2.662 .350 57.841 1 14.320 7.212 28.435 p<.001*** 
Non-Black Race .764 .268 8.099 1 2.146 1.268 3.632 .004* 
Male Infant .054 .231 .054 1 1.055 .671 1.660 .815 
Multiple Birth .284 .291 .952 1 1.328 .751 2.347 .329 
Induction -.923 .623 2.190 1 .397 .117 1.349 .139 
Cesarean Section -.468 .253 3.436 1 .626 .381 1.027 .064 
         
-2 Log Likelihood=533.743; χ2=5.076, df=2, p=.079  
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Appendix O: Logistic Regression Model for 4C (continued) 
 
Block 4C.5:  Weekend + Nighttime + Weekend*Nighttime + Acuity + Infant Characteristics.+ OB 
Interventions.+ Hospital-Level Covariates 
Confidence 
Interval  
 B S.E. Wald df Exp(B) Lower Upper Sig. 
Weekend Admission .191 .367 .272 1 1.211 .590 2.486 .602 
Nighttime Admission .121 .281 .184 1 1.128 .651 1.955 .668 
Weekend*Nighttime -.245 .504 .236 1 .783 .292 2.102 .627 
Birth Weight -.117 .019 38.208 1 .890 .858 .924 p<.001*** 
Ventilation 2.412 .333 52.523 1 11.157 5.811 21.422 p<.001*** 
APGAR < 7 1.199 .242 24.623 1 3.317 2.066 5.326 p<.001*** 
SGA .284 .305 .866 1 1.329 .730 2.416 .352 
Fetal Anomaly 2.664 .351 57.708 1 14.359 7.221 28.555 p<.001*** 
Non-Black Race .769 .269 8.151 1 2.157 1.273 3.657 .004** 
Male Infant .070 .233 .090 1 1.072 .679 1.694 .764 
Multiple Birth .289 .293 .971 1 1.335 .752 2.370 .324 
Induction -.915 .628 2.124 1 .400 .117 1.371 .145 
Cesarean Section -.438 .255 2.944 1 .646 .392 1.064 .086 
RN Hours/Day -.002 .014 .012 1 .998 .971 1.027 .911 
Capacity .268 4.429 .004 1 1.307 .000 7703.305 .952 
Nurse:Infant Ratio -.971 3.793 .066 1 .379 .000 641.180 .798 
         
-2 Log Likelihood=531.573; χ2=2.169, df=3, p=.538  
**p<.01; ***p<.001         
Model terms: weekend=1, birth weight=100 gram increments, ventilation=1, APGAR=1, sga=1, 
anomaly=1, non-Black race=1, male=1, multiple=1, induction=1, c-section=1, RN hours=hours per 24 hour 
day, capacity=census/42, N:I ration=#RN per 24 hour day/census per day. 
 
Appendix P: Receiver Operating Characteristic Curves, Model 1 
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Figure 3: ROC for Anomaly Removed, Model 1 
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Appendix P: Receiver Operating Characteristic Curves, Model 1 (continued) 
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Figure 4: ROC with Ventilation Removed, Model 1 
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Appendix P” Receiver Operating Characteristic Curves Model 1 (continued) 
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Figure 5: ROC for Anomaly and Ventilator Removed, Model 1 
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